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Mathematics. — “An Involutory Transformation of the Rays of 
Space which is defined by two Involutory Homologies.” By 
Prof. Jan DE VRIES. 


(Communicated at the meeting of February 22, 1919). 


1. In a plane « I consider the involutory homology (central colli 
neation) which has A for centre and a for axis, in a plane ß a 
similar involution with centre- B and axis b. If P,P’ is a pair of 
the first involution, Q, Q@’ a pair of the second, I associate the rays 
{i=PQ and !=P’Q. In this way 'arises an ümvolution in the 
rays of space, which will be investigated in what follows. 

When PQ and P’Q’ interseet in a point M, the pair Q,Q’ is the 
central projeetion of P,P’ out of M as centre. By means of this 
projection the pairs of the involution [«] Iying on p= PP’ are 
transformed into the pairs of an involution situated on g= QQ’; 
the latter has one pair in common with the involution which is 
defined on q by the homology [3]. Consequently through M passes 
one pair of rays Zt. 

Along AB two rays ! and ?!’ coineide. Also tlıe straight lines 
through A to the points of d, and through D to the points ofa are 
double rays of the involution (4, 2’). The rest of the double rays 
form the dilinear congruence which has a and b as directrices. 


2. Let t{. be a straight line in «; each of its points can be con- 
sidered as its passage. /’, while its passage Q lies on the straight 
line c=aß. If Cs is tbe point that in [8] eorresponds t C=Q 
and f, the image of t£, in [«], the involution (£, t’) associates to Z, 
all the rays { of the plain peneil which has C; as vertex and lies 
in the plane (Cs t,). All the rays tu are therefore singular. 

When £, revolves round (, ?, desceribes a plane peneil round the 
point C» which in the homology [«] eorresponds to C. The plane 
pencils (£) corresponding to {. belong to the sheaf | ('’z]; their planes 
pass through the straight line O,Cz. 

When C deseribes the straight line c, Cs deseribes the straight 
line cz, which in [3] is associated to ce. Hence to the singular rays 
t, are associated the rays !’ of the awial linear complew 
has c; as a directrix. 


which 


C E 
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Analogously the rays’of the awial complex |c.| are associated to 
the singular rays ta; to each ray is correspond the rays t’ ofa plane 
penecil belonging to |c.|. 

The intersection of the complexes |cz| and Ica| is a bilinear con- 
gruence of which the rays are associated to the ray i=c. The 
straight line ce is therefore a principal ray; indeed, we can consider 
two arbitrary points of c as passages P and Q. 

All the rays £ through a point P=Q=( of c are associated to 
the ray ?’ joining P’ Q’; hence also t’ is a prineipal ray. When © 
moves along c, P’ and Q’ describe two projective ranges of points 
on c„ and ca; P’Q’ deseribes a scroll (©)?. The quadratic scroll (c)? 
consists therefore of principal rays, each of which is associated to 
the rays of a star [C]. 


3. When it, revolves round a point T, Cs moves along cz and 
the plane peneil with Cs as vertex of which the rays ?’ ent the 
line . in [«] associated to Z,, defines a congruence. The range of 
points which Cs desceribes on cz, is projective to the plane pencil 
T') described by !.; when it is projeeted out of any point M on 
a, there will be two rays !, which pass through the projection of 
the: corresponding point Cs. Through M pass therefore two rays of 
the congruence. Any plane u contains one point Cs and also ‚the 
passage of the corresponding ray ?!,, hence one ray t’ of the con- 
gruence. The plane pencil (tz) is accordingly represented by a con- 
gruence (2,1). 

As the ray T'’C, in each of its positions belongs to the (2,1), 
(T' GC) is one of the singular planes of the congruence. Also « is 
a singular plane, for it contains the plane pencil the vertex of which 
lies in the point of intersection (= (# of c and b. 


4. If t deseribes a plane peneil (7/, x) in the plane r, its passages 
P and Q describe projective ranges on the straight lines p= ar and 
q=Pr. But then also the ranges of points which the homologous 
points /’ and @’ describe on p’ and g’, are projective, so that P’Q’ 
deseribes a quadratie seroll. Accordingly in the transformation (t, ©) 
the image of a plane pencil is in general a quadratie scroll. 

If t deseribes a field of rays u, the passages /’ and Q remain on 
the straight lines p=au and g=Pu; P’ and Q’ lie in this case 
on the homologous straight lines p’ and g’. The jield of rays is 
therefore represented by a bilinear congruence. 

The ray ?’ in u joins the points pp’ and gg’; it is therefore a 
double ray of the involution. 
30* 
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When t belongs to the sheaf [M], the passages Pand Q form two 
projective fields. As in tbis case also P’ and Q’ correspond in 
projective fields, we find for the image ofthe sheaf a congruence (3,1). 

Of the three rays which this congruence sends through an arbitrary 
point, two are associated to each other in the involution (ft), 
while the third is a double ray ($ 1). The ray t’ which it has in 
an arbitrary plane u, is the image of the ray £ which the (1,1) asso- 
ciated to 1, sends through M. 

As the sheaf [M] contains the plane peneil of which the rays inter- 
sect the straight line c, the scroll (c)’ belongs to_the image (3,1) of 
the sheaf. 

The sheaf [M] contains a plane peneil of rays £ intersecting cz. 
This defines on the interseetion m of the plane (Mec,) with « a range 
of points (P’). Any homologous point P’ defines with the point C 
corresponding to Ü's one ray Z,. Any plane peneil (£,) with vertex C 
contains therefore one ray corresponding to a ray of the axial 
complex [cs] belonging to [M |. But also the line c belongs to the 
congruence (3,1), it being the image of the transversal through M 
to c, and ca. Uonsequently the images t, of the rays of the plane 
peneil in (Me;) euvelop a conic. From this appears that « and 
belong to the singular planes of the congruence (3,1); in other 
words, « and ß are osculating planes of the twisted ceubies of which 
the axes (intersections of two oseulating planes) form the (3,1). 


5. The rays £ resting on the straight lines d, and d, and also 
on Cs, form a quadratice scroll; their passages /’ lie therefore on a 
conie d?. The corresponding points /°’ form on a conie d’’” a range 
of points projective to the range of the points (C/,, hence also to the 
range of the points C. Consequently the ray 2’ envelops a curve of 
the third class. Through a point N’ of « pass four lines 7, the 
images of rays £ of the bilinear congruence with directrices d,,d,, 
namely three rays 2, and besides the ray associated to the ray which 
the point N sends to the (1,1). 

The bilinear congruence representing the field of rays [u], has 
two rays in common with the (1,1) mentioned above; the image 
of the latter has therefore two rays in the plane a. Consequently 
a bilinear congruence is vepresented by a congruence (4, 2). 

The latter has « and ß as singular planes of the third elass. 

The rays sent by the (4,2) through a point M, are the images 
of the rays which the (1,1) has in common with the image (3,1) 
of the sheaf [M]. 


The images of two bilinear eongruences have among others the 
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scroll (c)' in common; for any sheaf [©] furnishes one ray for each of 
the two (1, 1). 


6. The axial compler with axis d is transformed by the trans- 
formation (£,t') into a quadratic complex {U}; indeed, to the two 
rays of the seroll (d* representing the plane pencil (t), correspond 
two rays of the image-complex Iying in the plane peneil (f’). 

As [d] singles out one ray out of each plane peneil of singular 
rays, {}” contains the two fields of rays [@] and [3]. Two congru- 
ences |f’}* have besides those two congruences (0,1) one more con- 
gruence (4,2) in common; from this appears again that a bilinear 
congruence is transformed into a (4, 2). 

The image (3,1) of a sheaf [M] has four rays in common with 
the image (1,1) of the field [u]. One of them belongs to the scroll 
(c)’ and is associated to any ray that the corresponding sheaf [C’) has in 
common with |M | and |u]. Another coincides with c; for [M] and 
lu] send each one ray to c, and ca. 

The straight line through M and the point (; in u belongs to a 
plane peneil that is associated to a definite ray Z.; as ıı also contains 
a ray of this plane peneil, the image-congruences (3,1) and (1,1) 
have this ray (£) in common. Analogously they havea ray Zin common. 

The images of two fields of rays [u| and [u*] have two rays in 
common. One of them is the image of the straight line uu*, the 
other is the line c; this is associated to the two transversals of c. 
and c; in u and in u*. 

The image (1,1) of the field [u| has six rays in common with 
the image (4, 2) of a bilinear congruence with directrices d,, d,. To 
them belongs the ray of the scroll (c)’ associated to the sheaf of 
which the vertex lies in the point (c,). They have twice the line c 
in common, for two transversals of c„ and cz rest also on d, andd,, 
while one straight line of u rests on c„, ca. The transversal through 
the point (wcz) to d,,d, belongs to a plane pencil which has also 
one ray in u; to botlı of them corresponds the same line 4. Analo- 
gously the image-congruences have a straight line /s in common. 
The sixth common ray is the image of the transversal of d, and d, in u. 


Mathematics. — “An Imvolution of Rays dejined by a Congruence 
of Rure and an Involutory Homology”. By Prof. Jan DE Vrıes. 


(Communicated at the meeting of February 22, 1919). 


1. In the plane « an involutory homology [«] is given having A 
for centre, a for axis. Let further be given the bilinear congruence 
[8°] of twisted eubies which pass through the five prineipal points 
B;(k=1,2,3,4,5). An arbitrary straight line ? is a bisecant of one 
ß°; to its intersection P with « a point P’ in [a] is associated; the 
.bisecant t’ of ß° passing through P’’ be associated to ?; in this way 
an involution (Z, t’) arises in the rays of space. All straight lines through 
the point A or through a point A* of the axis a are evidently double 
rays of the involution. 

Any straight line s, through DB, is singular for the congruence as 
it is a bisecant of all 8’ Iying on tlıe quadratic cone (B,)’ with 
vertex B, which can be passed through the other four points B 
and the straight line s,. The line s, is also singular for (t,t’); for, 
to „—=B,P are associated all the bisecants ?’ through P’ to the 
oo! curves ß* of (B,)’. These curves define an involution 2? on the 
intersection a’ of (B,)* with a; the straight lines carrying the pairs 
of this /* envelop a conie; in «a lie therefore two of the rays f, 
associated to s,. Consequently to the singular ray s, the rays of a 
cone ıP') are associated. 

The cone (B,)* contains the four degenerate figures consisting of 
a straight line 3,5, and a conie $? in the plane Ayın of the points 
Bı, Bin, Ba. It does not contain, however, a figure with db, =B,B, 
as a component; therefore the cone (P’)’* can only cut d,, in B, 
and D,. The figure consisting of d,, and a conic in the plane Pß,,, 
sends a bisecant through ?’, which cuts d,, outside B, and 2,; 
hence the cone (P’)* does not pass through B,, but through the 
other four points Br. 

If we make the passage P of s, deseribe the conic «a, P’ deseribes 
likewise a conie, a'*, which euts «? in two points on a. The cone 
(P’)* belonging to s,, deseribes in this case a system with base 
points B,, B,, B,, B,, the vertices of which lie on «*. The genera- 
trices {’ of these cones forın a congruence of vays. 
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2. The rays ?’ associated to the rays s, of the sheaf [B,], form 
a complex. In order to be able to determine the order of thiscom- 
plex, I consider a plane pencil of rays {/ with vertex T, of which 
the plane x has with the plane « the straight line » in common. 
The 3° which has one of these rays ! as a bisecant, is projected 
out of B; in the conie «*; this conie defines on the straight line p 
homologous with 9’, two points P* which may be associated to the 
passage /” of !’ and also to the point P homologous with P’. In- 
versely a point P*of p» defines by means of the straight line IB, B* 
a cone (B,), hence a conie «’, and the homologous conie «a 
yields on p’ two points 2; the corresponding points P may be 
associated to /*. As P* coincides four times with P, the plane 
pencil (7, ) contains four rays ?/, each associated to a singular ray s.. 

To each of the five shewes | Bi.) corresponds therefore a complex of 
the fourth order. The complex curve in the plane gu has the passage 
p’=au as a double tangent. For the curve $° which has p asa 
chord, is projected out of B, in a conie «’, and the intersections of 
a’ with the line » define two rays s,, botlı associated to VIE 

To a singular ray ,=B,P’ a cone (P°) of rays ? is associated, 
which among others passes through B, and accordingly has the 
generatrix B,P in common with. the cone (B,)’ definedbys,=B,P. 
Any ray s, belongs therefore to the complex {’}‘, corresponding to 
the sheaf [B,]. This complex has in other words the four prineipal 
points Br(kF 1). 

If P’ lies on the intersection p’54, Of B,., with «, hence P on 
the homologous straight line p,,,, fo the singular ray B,Pthe plane 
peneil (7, ,,,) is associated, in this case a component of the cone 
(P’). The planes Pr. (k, l, m 1) are therefore principal planes of 
thezcomplex- ft}. 

Also a is a prineipal plane. For the ray t'» in « is a bisecant of 
a ß° and this is projected out of B, into an «’ cutting the homo- 
logous ray Z, in two points / for which the point 7” lies on t’,. 

That B, is not a prineipal point appears in this way. The cones 
(B,)’ form a pencil and cut therefore « in a pencil (a?). This is 
projective with the homologous pencil («a’’) and the two pencils 
produce a figure of tbe fourth order. As two corresponding eonics 
interseet each other on a, this figure consists of the straight line « 
and a cubie that is invariant with regard to the homology [«]. 
Any two points P, P’ of ihis eurve furnish two associated Singular 
rays t,t’, while the points of the axis a furnish a plane pencil of 
double rays through 2,. The complex-cone of B, consists therefore 
of a plane pencil and a cubical cone. 
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3. Any straight line of the plane ß,,, is a singular bisecant for 
the congruence [#?], but at the same time a singular ray for (tt). 
Indeed, ß,,, contains a peneil of conies ß°, each forming with the 
straight line db,, a figure belonging to [ß*]. The straight line ? of 
ß,,, is a bisecant of each of these figures, hence it is associated to 
the bisecants !' which they send through the point Z’’ associated to 
the passage P of t. The plane pencils (t’) in this way associated to 
the rays £ of the field [ß,,,|, form evidently a bilinear congruence 
of which 5,, and the straight line p',,, (homologous with the passage 
Pıs Of B,,,) are the directrices. But also the rays f of this congru- 
ence are singular, for to a ray with passage 2” are associated the 
rays of a plane pencil with vertex in P. 

There are therefore ten fields of singular rays, each belonging to 
a bilinear congruence of singular rays. 


4. Any ray 1, of a is singular, for any of its points may be 
considered as its passage, consequently also any point of {', as the 
passage P’ of a ray t'; this ray is a bisecant of the curve ß* cutting 
i. twice. For this reason the rays ?' of the scroll (f)‘, the locus of 
the bisecants of the ß° resting on the straight line ?, are associated 
to the singular ray T',. 

When t, passes through A, hence coineides with ?,, (t)‘ degene- 
rates into the two quadratie cones which project the corresponding 
curve ß* out of its intersections with t£.. 

The scrolls ()‘ form a complex. In order to determine its order 
I consider the surface D produced by the curves ß° having the 
rays { of a plane pencil (7',r) as bisecants. To it belong ten figures, 
each composed of a straight line dx, and a conie cutting it. The 
intersection of ® with ß,,, consists therefore of the straight lines 
Bi, 81, d,, and the conie connected with b,,; consequently ® is a 
surface of the fifth order. 

The locus of the pairs of points defined by the curves ß! of & 
on the rays {, is evidently a curve r* with a double point 7". 
The plane x has with ®* the curve ı‘ and also a straight line / 
in common; hence ®° is at the same time the locus of the curves 
ß* intersecting the line /. 

Now let (M,4a) be an arbitrary plane peneil and u‘ the curve 
analogous to t*, therefore the locus of the pairs of points in which 
the rays m of (M, u) are twice interseeted by curves ß®. The curve 
u#*, along which the surface ®* is cut by u, has with the curve u‘ 
the passages of the ten straight lines dz,; in common; but every ray 
m resting on one of these straight lines, cuts u‘ and u° in different 
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points, because dx, is connected to different conies by the two plane 
peneils (2) and (m). The other ten points of interseetion of the two 
eurves lie in pairs collinear with M; the plane pencil (m) contains 
therefore five bisecants of eurves ß° Iying on ®°. In other words, 
the bisecants of the curves a® which have each a bisecant in common 
with a given plane pencil, forn a complex of the fifth order. 

Now let p’ be the passage of the plane r, p the homologous straight 
line. To every point P of p corresponds a point P’ of p’. The eurve 
ß° having the ray !=TP’ as a chord, defines in « three bisecants 
t,, which eut p in three points ?*. The complex fu}° of the bisecants 
of the curves 8° which have the rays ’’ of the plane peneil (7), x) 
as chords, sends five straight lines « through the point P*; to 
this point correspond consequently five rays 2’ and therefore five 
points P. Whenever a point P* coincides with a bomologous point 
P, P carries a ray Zu, to which a ray through P’ is connected. 
The singular rays of the field |t,| are, accordingly, represented by the 
rays of a complex of the eighih order. 

The cone ( P’)* associated ($ 1) to the ray s. = Br P, contains two 
rays ti... Each ray of the sheaf [B7;] can, therefore, be considered 
twice as a ray of the complex ff}. Consequently this complex has 
the points DB; as double principal points. 

Each straight line !’ in @ is associated to tworayst,. For, ift’ isa 
chord Q'Q" of a P* cutting a besides in @’, it appears that ’ 
is associated to each of the two rays Q’Q", Q'Q". The line {', homo- 
logous with Q’Q’=t, in [ae], euts ’ in a point P’ of which the 
homologous point P lies on Q'Q". Hence « is a double cardinal 
plane of the complex {t’}*. 


5. There are still other singular rays. The curve ß° passing through 
a point P’ of a, sends a bisecant s through the homologous point 
P. To the ray s are associated all the rays t’ of the quadratic cone 
which projects $#° out of P’. The rays s form a congruence, the 
corresponding rays !’ a complex. 

Any ray t’ of the plane pencil (7',x) is a chord of a 8°, and the 
pairs of points of intersection form the curve r‘ considered before. 
This curve defines on the straight line «ar four points P’; the plane 
pencil contains therefore four rays of the complex {r’}. The singular 
rays s are accordingly associated to the vays of a complex of the 
Fourth order. 

This complex has the points 3. as prineipal points and the plane 
« as a principal plane; any line t. is a generatrix of two cones 
(t')*, and belongs therefore twice to the complex. 
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The congruence [s] has singular points of the second order in A 
and in every point A* of the straight line a. The generatrices of 
each of these cones are associated to each other and at the same 
time they are donble rays of the involution; these ceones belong 
apparently also to the complex {t’}‘. The generatrices of the cones 
the vertices of which lie on «a, are combined to a congruence 
(4,2). 

Each ray {. represents two rays s; indeed, if P’ and P’, are the 
points that & has in common with the eurve ß* of which ti, is a 
chord, tx is a singular ray for each of tlie homologous points Pand 
P, If a ray s is to lie in « without passing through A, it must 
contain the points P" and P" where the 8° through P’ intersects 
the plane. If 7’ deseribes the ray m through A, p’ = P" P" revolves 
round a point M; for the groups (P', P", P") form polar triangles 
with regard to a definite conic. The plane peneil (p’) is apparently 
projective with the range of points (?) on m; therefore p” passes 
twice through the corresponding point P and is then a ray s. Con- 
sequently a is a singular plane of the fourth order for the congru- 
ence |s|. As a point of « carries besides one ray s that does not lie 
in a, the sheaf-degree (order) of s is equal to Jive. 

In order to be able to determine the jield-degree (the class) of [s], 
I assume a plane u. Let P? be a point of the straight line p= au; 
the curves ß° cutting the rays ? of the plane peneil (/,u) twice, 
form the surface ®° considered in $ 4, and therefore define on the 
line p' five points Q’, consequently on p the homologous points Q 
which may be associated to P. Inversely a’ point Q yields a point 
Q’ and the curve ß? through Q’ euts a in three points, determines 
therefore in au three chords £ and consequently three points P. When- 
ever @ coincides with‘ P, there passes through P a singular ray s, 
the corresponding cone (f)’ of which has its vertex in the homologous 
point ‘P. The field-degree amounts therefore to eight. The singular 
rays s form @ congruence (5,8). 

The points 37; are singular for [s]. This appears when we consi- 
der the rays s belonging to a plane pencil (Br, u); let p be the 
interseetion of u with «, Pa point of p. The enrves P? intersecting 
Br P, are projeeted out of Br, into the conie «a? and on p’ this eonie 
defines two points @’, which may be associated to P’. Inversely 
the 8° through Q’ interseets the plane u in two more points, defines 
accordingly two points 7, and through them also two points P’. 
‘As apparently Q’ coineides four times with P’, the plane pencil 
(Br, u) contains four rays s. Br is, therefore, a singular point of the 
fourth order for the eongruence [s]. 
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6. The ten straight lines bu = By, Bı are prineipal rays for the 
involution (t, ©). For 5x is a bisecant of all the eurves 8°, hence it 
is associated to all the bisecants through the point P’zı which is 
- homologous with the passage Pyı of by. 

The sheaf | Pr] is therefore associated to the principal ray bi. 

A plane peneil (7;r) contains ten rays t, each resting on astraight 
line dx; and on a conie A’, connected to it. The corresponding 
ray U rests also on bxı. 

Further four rays £ belong to the complex ft‘; which in the 
involution (2,2) is associated to (he sheaf [ 3]. Consequently the image 
of the plane pencil (2) has quadruple points in Br; and in B,, so 
that nine rays ?’ rest on dx. A plane pencil is therefore transformed 
into a scroll of the ninth order. The plane peneil contains eight rays 
of the complex {r’}’; in « lie therefore eight rays 1, of the ruled 
surface (2)’. Besides « contains the straight line p’, homologous with 
the passage p of the plane r, and a directrix of the ruled surface. 


7. A sheaf witli vertex M is represented by a congruence of rays 
[?']. Let N be an arbitrary point, u the bisecant through N to tlıe 
ceurve P° which cuts the straight line MP twice. The passage Q 
of u corresponds in a birational correspondence to the point P’ 
wbich through the homology is associated to ?. 

When Q moves along a straight line g, so that u describes a 
plane peneil, the bisecants ? ($ 4) of tbe corresponding curves ß* 
form a complex $4°. The complex-cone of M intersects « along a 
curve a’ and the homologous curve «’° contains the points P’ asso- 
ciated to the points Q of g. The correspondence between Q and 7” 
is, therefore, of the fifth order; consequently @ coincides seven times 
with P’. Through N pass therefore seven rays t’ of the image of 
the sheaf [M ]. 

The sheaf has with its image the ray MA and the rays of the plane 
peneil (M,a) in common; hence M is a singular point of the image. 

Let u be a plane intersecting « along the line p’. The curves 
which have the rays ?’ of the plane peneil (P’,«) as bisecants, have 
five of their bisecants iin the plane (Mp) and these define on p 
five points Q, which may be associated to the point 2. Inversely 
a point Q yields three rays !’ in a, which are bisecants of the P* 
having MQ as a chord. To Q three points P’, consequently also 
three points P, are associated. Whenever a point Q coineides with 
a corresponding point P, the ray !’ associated to != MQ, lies in 
u; the field-degree of the congruence [| amounts therefore to eight. 

The image of a sheaf is accordingly a congruence (7,8). 
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The sheafcontains a transversal of the straight lines dx and P’mnr, 
the congruence (7,8) has therefore in each of the ten planes Pan & 
plane pencil. These planes are accordingly singular for (7,8). 

The complex {4 associated to the sheaf |B;] has with [M] a 
cone (Ü* in common; to this corresponds a cone (8%)‘; for to the 
intersection a‘ of « and the former cone, in the homology [e] & 
curve «’* is associated and this curve contains the passages of tlıe 
corresponding rays sı.. Hence the congruence (7,8) has singular points 
of the fourth order in the /ive points .B. 

Through M pass five singular rays s; accordingly (7,8) has jive 
singular points of the second order in the plane «. 

The plane « is singular for the congruence (7,8), for the complex 
ft')®, conjugated to the field of rays [f.], has a cone (2’)* in common 
with [M]. If a ray {4 revolves round /, the bisecants w of the 
curves 8° which have the rays i, as chords, form a complex fu}°. 
Through M passes one bisecant u of the A? corresponding to L,; its 
passage Q may be joined to P’ and the straight line P’Q= q may 
be associated to the ray t’„ homologous with Z,. Inversely the plane 
(Mg) contains five chords wu, belonging to five different eurves PP, 
each defining a ray Zi, through P, so that five rays 2’, are associated 
to the ray q. Through M pass therefore siv rays u, each correspond- 
ing in the involution (tt) to a ray Z, of the plane pencil (P,«). 
Consequently «a is a singular plane of the sixth order for the con- 
gruence (7,8). 

This congruence contains the ten rays dx; for these correspond 
to the rays MP’n. 


8. Now I shall consider the image of a field of rays. The plane 
a contains ($ 7) eight rays 2 associated to eight rays ?’ through a 
point M. The image of the field of rays [u] has therefore the sheaf- 
degree eight. 

Let 9 be an 'arbitrary plane, P’ the intersection of p with the 
straight line p’ homologous to the straight line p= «u. The complex 
of the chords of the curves 8° which have each a ray of the plane 
pencil (P,u) as a bisecant, has five rays 2’ in the plane pencil (P’,p)- 
The plane y contains accordingly five rays of the image of [u]. 

Hence a field of rays is represented by a congruence (8, 5). 

The points B; are singular for this (8,5). For the plane pencil 
(P,u) contains four rays of the complex {t'}x*; two ofthem coincide 
with p, the other two correspond to the ray BP’. The plane pencil 
(Bi, p') belongs therefore twice to (8,5). 

The field [a] contains one ray of the field [ß,,,] and one ray of 
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the congruence (1,1) having d,, and p',,, as directrices. Hence the 
congruence (8,5) contains ten plane pencils (P, Brım) and ten plane 
pencils in planes through the straight lines b,,. 

The plane pencil {P, u) contains eight rays of the complex er 
the corresponding rays £, passing through the point P’, the rays 
in « belonging to (8,5) form a system with index eight. « is there- 
fore a singular plane of the eighth order. 


9. Let A’ be the image of a bilinear congruence A. The image 
of the sheaf |M | has 15 rays in common with A, hence [M] contains 
15 rays of A’. Analogously a field [u] appears to contain 13 rays 
ol A. 

The image of a congruence (1,1) is therefore a congruence (15,13). 

This eongruence contains the ten prineipal rays dx, for the point 
P’xı has one ray in the (1,1). 

The complex {t}z‘ associated to DB; has a scroll of the eighth order 
in common with a (1,1). To its intersection with « corresponds in 
[a] a curve «e°, containing the passages of the rays s£ in the image 
of the (1,1). The congruence (15,13) has, therefore, the points Br as 
singular points of the order eight. 

I now consider the plane pencil (P,«) and the homologous plane 
pencil (2’,«). The curve f* which has a ray Zt. of the former as a 
chord, has four bisecants « in the congruence (1,1), their passages 
Q joined to P’ furnish four rays g, whieh may be associated to the 
ray t.. A ray g separates from (1,1) a quadratic seroll and this 
scroll has ten rays « in common with the complex {w}’ belonging 
to the plane peneil (P,«) ($. 4). To g are therefore associated ten 
rays f.; whenever two associated rays g and {.„ coincide, there 
rests on ?!, a chord of a ß° that meets /, twice. From this follows 
that the plane « is a singular plane of the order fourteen for the 
congruence (15,13). 

To the ray which a (1,1) has in the plane ß,,,, corresponds a 
plane pencil, the plane of which passes through d,,; to each of the 
two rays of (1,1) resting on d,, and p',,,, a plane peneil in the 
plane ß,,, is associated. The congruence (15,13) contains consequently 
twenty plane pencis in the planes Pxm and ten plane pencils in planes 
through the straight lines ,,. 


10. The image of an awial complex with direetrix d isa complew 
of the ninth order. For d interseets nine rays of the scroll (4? which 
is the image of a plane pencil. 

Two generatrices of the cone (/”)’ associated to a ray sr, cut 
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the directrix d; consequently 37; is a double principal point of the 
complex |}. 

The plane peneil which is the image of a ray in 3,,,, bas one 
ray in the axial complex; hence the complex {t'}’ contains the Zen 
fields [Beim]. It contains also the ten bilinear congruences with the 
directrices 5x1, P'mnr- 

Of the scroll (!)* representing a ray 1, four rays rest on d; the 
complex {7'}° contains therefore the jield [t,|, which has to be 
 counted four times. 

The quadratie cone associated to a singular ray s.($ 5), has two 
generatrices in common with the axial complex; hence the con- 
gruence (5,8) of the rays s belongs twice to |! f?. 


Botany. — “On the Caleifuge Plants of the Inland Dunes of the 
Island of G@oeree”. By Dr. Tu. Wervurs,. (Communicated by 
Prof. Wenr). 


(Communicated at the meeting of May 29, 1920). 


The broom, Sarothamnus vulgaris Wimm, oceurs in the island of 
Goeree within a sharply defined area. This fact first induced me 
to exawmine the flora of the grounds where the broom occeurs and 
where it does not; afterwards I was led to study that flora in con- 
nection with the nature of the soil. 

This research concerned especially the interior of the island, known 
as the “ÖOude Land van Diepenhorst”, which is bounded by the 
Western-Dunes in the West and the Central- and Eastern-Dunes in 
the East, the latter bordering on the young Sea-dnnes; the old center 
being for the rest surrounded by polders. Lorı£ ‘) had already looked 
upon this center as the old inland-dunes; the small caleium-content 
of the sandy soil, less than 0.07 °/, CaCO, ?) lends support to this 
eonception. 

Yet these inland-dunes cannot be put on a par with the inland- 
dunes to be found north of the Meuse. From data derived from 
borings, performed ’) with a view to the construction of a tramway 
and to the watersupply of the island, it appeared to me that under 
the layers of sand are always found ‚bands of bog-, and elay-soil, 
whose upper edge lies 1 m. below A. P. (Amsterdam water-mark), 
the lower edge from 2 to 5 m. below it, approximately at the same 
level where these layers are found also in the other parts of the 
island of Goeree and Overflakkee and likewise in Zeeland. So the 
inland dunes of Goeree are overlying peat-, and clay-layers of the 
old “haff”, as in Belgium, and not the old “Schoorwal”. But the 
Goeree inland-dunes are poor in caleium unlike most of the Belgian 
dunes, which are caleium-rich. Consequently their flora bears a marked 
resemblance to that of the few caleium-poor districets found in. Zee- 
land and in Belgium, and termed by Massarr ‘), in agreement with 
Rurtor °), the ‘““dunes internes” and “sable a Cardium’”. 

2 I).J. Lorıf, Arch. du Musee Teyler. Vol. III. 1892. 

2) Of. JEswier, Entwicklungsgeschichte der Flora der holländischen Dünen. 

3) These data were procured through the kindness of Dr. J. T. STEENHUIS. 

4) J. Massart, Essai de geographie bot. des distriets litt. et alluv. de la Belgique 


Recueil Inst. bot. L. Errera, T. VII. 1908. 
6) A. Ruror, Bulletin de la societe de g&ologie, paleontologie et d’hydrologie 1906. 
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Still, the formation in Goeree differs from that assumed by MassaRrT; 
archeological findings below the layers of sand proved that they 
must have been deposited there later than + 200 A. D.'), and 
probably they are an aeolian formation from more westerly and 
lixiviated older dunes, in the manner advocated by Jkswirr (l.c.) with 
regard to the grounds north of the Meuse. It appears, indeed, that 
their caleium-eontent does not increase even down to a rather great 
depth (+ 1 m.); and amounts in the Oude Land van Diepenhorst 
only to 0,018°/, CaCO,. I will not enlarge upon the matter, but 
will only add that the caleium-content in the Oude Land van Die- 
penhorst, is lowest (less than, 0,02 °/,)*); in the Western-, and the 
Central-dunes slightly higher (# 0,1 °/,), while towards the coast it 
rises to + 1°/,. Now, while the grounds of the inland-dunes con- 
sist entirely of sand, and possess a psammitie flora in the sense of 
Druide, the vegetation of the meadows in the Land van Diepenhorst 
is of quite a different nature from that of the “Meent”-meadows in 
the Western- and the Central-dunes. In the former we find every- 
where Sarothamnus vulgaris and occasionally Erica tetralix and Cal- 
luna vulgaris; in the latter all three are absent. This difference 
cannot be referred to the meadows being fed down, or to more or 
less manuring by the grazing cattle, these factors being the same 
for either territory; so we may readily correlate this difference in 
flora with the greater or smaller calcinm-content of the soil, since 
the broom as well as heather and erica are considered to be calcifuge. 

The problem of caleifuge and caleicole plants is an intricate one 
and not by far solved; consequently it 'has given rise to an 
extensive literature, of which only the prineipal points can be dealt 
with in the. present paper. In our case, however, there is the ad- 
vantage, that some factors, which in other cases are of vital im- 
portance, may be readily eliminated here. This refers especially to 
the physical factors, such as structure of the soil, size of the grains 
and in this connection the aqueousness of the soil, and the sensiti- 
vity to the sun’s rays. 

Researches by Tnurman’), and afterwards by Gr. Kraus‘) have 
pointed out the great significance of these factors, especially for 


') I feel greatly indebted to Prof. Hoıwerpa for imparting to me the age of 
the objects found. 

2) Our method of determining Ca was the same as that used by Jeswıer (l.e.), 
We confined ourselves to determining only the content of the Ca-compounds that 
could easily be attacked, i.e of those which are of interest for plant-food. 

®) THURMAN, Essai de phytostatique applique a la chaine du Jura. 1849, 

*) GR. Kraus, Boden und Klima auf kleinstem Raum. 1911. 
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mountainous regions. They afford an explanation why a plant 
shuns caleinm in one place and tolerates it in another; a sort of 
rivalry between allied species may also come. into play here, as 
Näerrı has demonstrated with the familiar instance of Achillea 
atrata and Achillea moschata. 

In Goeree, however, none of these factors exist. The soil of both 
territories is sand, the grains being approximately of the same size, 
and the humus-content is low; in the sunlight the temperature does 
not differ materially in corresponding places; yet the drier grounds 
of the Land van Diepenhorst contain the plants under consideration, 
those of the Western-, and Central-dunes do not. Nor can the con- 
cenfration of the groundwater be the conclusive factor'), although 
generally speaking GoLa’s classification, which lays special stress 
upon tle contrasting characters of the colloidal and erystalloidal 
constituents of the soil, has many advantages. The xerophytie broom 
grows on the dry grounds of the Land van Diepenhorst; on the 
other hand it shuns the dry, as well as the moister sandy grounds 
of the Central dunes. In the former the concentration of the ground- 
water might be somewhat higher, and more stable on account of 
the slightly increased calcium-content, in the latter this is decidedly 
not the case, but both are pergeloid in GoLa’s classification. Nevertheless 
it is obvious that the edaphie factors exert some influence here. 

The plant is capable of taking up considerable quanta even from 
a soil that contains very little caleium, thus the caleifuge Üastanea 
vesca has on diluvial soil (caleium-content # 0.3 °/,) 45 °/, ealeium 
in the ashes of the leaves, in those of the wood as much as 73°/,. 

The caleium-eontent of caleifuge plants is, however, mostly very 
low as may be demonstrated in a simple way with Monisch’s ®) 
reaction; formation of the double-salt Gaylussite by means of a 
10°/, Na,CO,-solution. 

Caleifuge plants of the peat-moor, such as Drosera spec., Örchis 
maculata, Narthecium ossifragum, Gentiana pneumonanthe, Pingui- 
eula vulgaris, Molinia coerulea, Sphagnum spec. then yield a very 
faint reaction, Sarothamnus vulgaris likewise. From quantitative deter- 
minations [ gathered that the ash-content of this latter plant amounted 
to #16°/, of the dry weight, the caleium-eontent of the ashes 
+3.5%/, that is..0,5 °/,, of the dry. weight, We see, then, that, 
though the ash-eontent of a, plant and also the amount of calcium 
in the ash varies largely with the nature of the soil on which it 


1) G. Gora. Saggi di una teoria osmotica del edafismo. Ann. di Bot. VIII 1918. 


-2) H. MouiscH, Beiträge zur Mikrochemie der Pflanze. Ber. d. Bot..Ges. 1916. 
31 


‚Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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grows?), this eonstitutes a striking contrast with the Trifolium pra- 
tense: oceurring in the Central dunes, which has a caleium-content 
of 2.5°/, of the dry weight, i.e. 50 times the value found for Saro- 
thamnus. Next I wish to call attention to the fact that in many 
cases CaCO, exerts a noxious influence on the caleifuge plants, e.g. 
the Castanea vesca. This is a familiar fact with respect to peat-moor 
plants, to such mycotrophes as Calluna and Erica, and is perhaps 
owing to the influence of caleium-salts on the mycorrhiza. Since 
our knowledge of the entire metabolism of these mycotrophes is still 
insuffieient, I prefer to leave it out of consideration here and will 
discuss the deleterious effeet on Sarothamnus®). Experiments by 
MassART (l.e.) undertaken at Coxyde showed the noxiousness of the 
caleinm-rich soil of the recent dunes to this plant, but the nature 
of the bad effect could not be well made out. For Sphagnum spec. 
the case is beiter. Experiments by Paun°) evidenced that solutions 
of as little as 0.01--0.03°/, CaCO, are deleterious to these plants, 
which are much less sensitive to CaSO,-solutions. In that case it 
can hardly be supposed that the noxious influence of the Ca-ions, 
as such, play the prineipal part. *) i 

This leads us gradatim to consideration of the reaction of the 
nutrient-medium, which in the latter two cases differs with an 
addition of CaCO, or of CaSO.. 

When 150 grms of dry sandy soil was shaken up with 50 c.c. 
of distilled water and the fluid was filtered off after 24 hrs., the 
filtrate presented, in the case of the sandy soil of the sea-dunes 
(caleium-content 2 or 3°/,) a distinet alkaline reaction with lacmoid-, 
and rosolie acid solution, also a weaker alkaline reaction in the case 
of the soil of the Central- and the western dunes (ealeium-ceontent 
0,1—1,0°/,). On the contrary the reaction was neutral or faintly 
acid in samples of sand from the “Oude Land van Diepenhorst” (cal- 
eium-content 0,01—0,02 °/,), where Sarothammus, Calluna and Erica 
oceur. Would it then be possible perhaps to find a elue to the problem 
in this direetion? Paut, (l.e.) carried out an inquiry into the oceur- 
rence of Sphagnum in the peat-moors of Bavaria, which also pointed 
in this direction; some cases of plant-diseases did so too °). At any 


') In weak specimens of the calcifuge Castanea vesca, grown on a soil richer 
in caleium, a higher caleium-content is found than in the healthy specimens of a 
calcium-poor soil. 

?) Influence of the caleium-richer soil on the root-tubercles, in other words on 
Ihe N-intake is not likely. On tlie calcium-richer soil the other Papilionacea, also 
have tubercles; likewise there is N-manuring by the grazing cattle in both cases 

5) Paur, Mitt. kgf. bayr. Moorkulturanstalt, 1908. i 

*) The mostly calcifuge lupin is sensitive to CaSOQ,. 

5) e.g. the oat-disease of tbe “Veenkolonie” and the Hooghalen-disease of rye. 


479 


rate it is evident that a difference in reaction of the groundwater 
yields quite another nutrient medium; by more caleium the decom- 
posing efiect of the acids is abolislied. As is obvious, it is the roots 
that undergo the deleterious influence of additional caleium, which 
is proved by the fact that the Castanea vesca, when grafted upon 
the oak, also thrives in caleium-richer soils. 

‚However, although this influence of the reaction of the ground- 
water is of great moment, it cannot be the only causative factor. 
This is supported by the cases in which two kinds of soil exhibit 
a similar reaction, and nevertheless possess distinetly differing vege- 
tation with identical physical factors but non-identical caleium-content. 
Cases in point are the inland-dunes, such as the Central-dunes of 
Goeree on the one side and the sea-dunes on the other. In Goeree 
Örchis morio, Seleranthus perennis and others shun the seadunes 
(caleium-eontent from 2 to 3°/,). They are however indigenous to 
the Oentral-dunes (caleium-content 0,1—1 °/,). It is also supported 
by the fact that lupin, which is mostly caleifuge, undergoes the 
noxious influence of CaSO,-manure. In conelusion I, therefore, 
point to the antagonism of the bivalent Ca-ions and the univalent 
Potassium-, and Sodium-ions. Zoologieal researches by Loks ') and 
afterwards botanical experiments by VAN ÖSTERHOUT’) (e.g. with 
plantroots) have shown that the salts of the univalent as well as 
those of the bivalent metals, taken separately, have a toxic effect, 
which, however, is neutralisesd by a detinite concentration of the 
others. 

Their effect on the permeability of the protoplasm is such that in 
Na-salts the permeability increases till death approaches; that in Ca-salts 
alone it first decreases in order to increase again after a certain 
minimum has been reached, till ultimately death sets in also, and 
permeability is constant, exosmosis complete °). On the other hand 
solutions of Na-, and (Ca-salts in a certain ratio (e.g. 95,24 NaCl’ 
and 4,76 CaCl,) in experiments with Laminaria ‘) do not affeet the 
normal permeability at all, and render normal growth possible, which 
led van ÖSTERHOUT (l.e.) to hypothetical speculations about the action 
on the protoplasm, which cannot be gone into here. 

It is a fact, however, that excess of either salt (in casu Ca) can 


1) Loss, Am. Journ. Physiology. Vol. 3. 1900. 
2) W. J. v. OsterHour, Jahrb. f. Wiss. Botanik Bd. XLVI, 1908, On the 
importance of physiologically balanced solutions for plants. Botan. Gazette 44. 1907. 
3) Tu. Wervers, Betrachtungen und Untersuchungen über die Nekrobiose und 
die letale Chloroformeinwirkung. Rec. des trav. bot. neerl. Vol. IX. 1912. 
4 W. J. v. OstErHouT, Antagonism and Permeability. Science Vol. a IDIT. 
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be toxie, as e.g. was shown by van ÖSTERHOUT’S soil-experiments. 
Addition of CaCl,-solutions to the otherwise fairly favourable soil 
was injurious to the eultivated plants; addition of KCl-solutions was 
not. Van OsTtkrHoUT interprets this by pointing out that through the 
addition of Caleium the relation of the two metals departs more 
and more from the optimal whereas it approximates the optimal 
relation through the addition of Potassium. 

Reverting to our broom we see that relative to the soil of the 
Land van Diepenhorst the ealeium-content of the soil of the Central- 
dunes rises from 0.015 °/, to 0.90°/,, i.e. + 60 times the original 
value. On the contrary there is no appreciable total inerement of 
the potassium-, and the sodium-salt-content: in the Central-dunes 
this was 0.08 °/,, in:the Land van Diepenhorst 0.06 °/,. 

The relation in the Western and Central-dunes has been largely 
modilied, so that the equilibrium for the true caleifuge plants, such 
as Sarothamnus, has been disturbed. The view is favoured by the 
fact that caleifuge-plants, such as Castanea vesca, can be cultivated 
in caleium-rich soil, provided the soil is of itself potassium-rich '), 
or potassium is added to it, ScHIMPER?) maintaıned that calcium 
inhibited the absorption of ironsalts, and that addition of ironsalt- 
solution to caleium-rich soil removed the excited chlorosis. By others, 
among whom Sıporink’), this was however refuted and ascribed to 
the alkalinity of the nutrient solution that had been used. 

For Magnesium Losw‘) asserted that a certain ratio of Ca and 
Mg is required for a satisfactory development, which, however, has 
been negatived by Russian and American writers°’) on the science of 
manuring. 

‚With the method for soil-examination adopted by me I found in 
both soils only traces of magnesium; I, therefore, refrain from giving 
my opinion about this question, which may be solved through 
. subsequent experiments, which I purpose to perform with the Saro- 
thamnus by cultivating it on caleium-richer soil to which various 
salts will be added. This however is a time-consuming undertaking ; 
for the time being experiments with water-cultures of buck-wheat 
were indicative of the great importance of the antagonism of the 
salts of univalent and bivalent metals in the problem of caleifuge plants. 

!) ARNOLD ENnGLER, Ber. Schweizer. bot. Ges. 1901. 


?) SCHIMPER, Pflanzengeographie. 1908. 
3) Sıporın. Ergebn. Landw. Stat. Moskou 1916. 
*) Lorw. Bull. Agrie. Coll. Tokyo 1902. Die Lehre vom Kalkfactor. Berlin 1914, 
°) A. Dosarenko Journ. f. experim. Landwirtschaft 1903, F. A. Warr Journ. 
agr. research 1916. 


Physiology. — “On the Pharmacological Action of Isoamylhydro- 
cuprein (eukupin) and Isoctyl hydrocuprein (vuzin)” By Prof. 
R. Masnis and U. G. Bısusma. 


(Communicated at the meeting of April 23, 1920). 


Of late years especially three compounds out of a series of hydro- 
euprein-derivatives, which had been examined by MorGknroTH and 
his pupils on their antiseptie action in vitro and in vivo, have been 
applied in therapeutics. These researchers had namely discovered 
that the alkylated hydrocuprein-derivatives were strong antisepties 
every member of this series having a specific affinity for certain 
micro-organisms. 

Thus ethylhydrocenprein counteracted especially pneumococti ; 
isoamylhydrocuprein antagonized diphteria bacilli, bacilli of malig- 
nant edema and pyogenous cocci; isoctyl hydrocuprein neutralized 
the effect of bacilli of malignant edema and pyogenous cocei still 
more than isoamylhydrocuprein did (in vitro; in vivo they showed 
little difference). These three substances were given {he commercial 
names, respectively of optochin, eukupin and vuzin. 

As most commonly happens with the products of chemo-terapeu- 
tic researches, also these three substances were applied to patients 
or to men under. suspicion of being infected, before pharmacological 
examination had sufficiently established their effects upon the mam- 
mal. Indeed, with respect to optochin inquiries were made later on, 
but hardly anything was effected in this direction for eukupin and 
vuzin. In order to meet this deficieney as far as possible, we have 
examined pharmacologically the double-hydrochlorie acid salts of the 
latter two substances, which were put at our disposal through the 
kindness of Prof. MorGENROTH (Berlin). Before long these experiments 
will be published‘) in extenso in another place; for the present we 
are able to give a concise report of our results, in which eukupin 
and vuzin stand for the double hydrochloric acid salts. 

1. The pharmacological action of eukupin and vuzin (in the cases 
examined) agrees for the most part with that of quinine. 

%. Eukupinae bihydrochloridum is soluble in distilled water to 


1) For the bibliography we refer also to this detailed publication. 
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5°/,, vuzinal bihydrochloridum to 1°/, (5°/, solutions are clear again, 
concentrations between these values are turbid). In a physiological 
common-salt solution, Ringer-, or Tyrode-solution, turbidity practically 
exists in every concentration. 

In serum eukupin-biHCI dissolves to 1:14000, vuzin-biHCI 
to 1:20000. When the solutions in serum are made to foam, the 
two substances are collected in a higher concentration in the foam 
than in the liquid. The foaming is diminished by the addition of 
much alkaloid-salt. 

3. With subeutaneous injection the fatal dose for white mice per 
kg. body-weight is for eukupin: 300 mgr. and for vuzin: 200 mgr. 
So the toxieity of either substance, administered subeutaneously, is 
for mice two- or {hree-times greater than that of quinine. 

The subeutaneous fatal dose for cats per kg. body weight, amounts 
to from 25 to 50 mgr. of eukupin, 200 mgr. of vuzin. 

4. With slow intravenous injection the fatal dosage per kg. cat 
varies with the concentration of the alkaloid salt: in a 1°/, solution 
it amounts per kg. cat to about 13 mgr. of eukupin and about 
15 mgr. of vuzin; in 1°/,, solution per kg. cat to 70 mgr. of eukupin 
(in one experiment, in which vagi intact),; and 40-—120 mgr. of 
vuzin (vagi intact or cut). 

In the case of rabbits the intravenous fatal dosis of eukupin (in 
1°/,,-solution) seemed to vary with the Nn.-vagi being unimpaired 
or cut through: it was per kg. rabbit with unimpaired vagi about 
13 mgr., with vagi cut about 60 mgr. It appears from this that in the 
rabbit eukupin acts upon the vagus-center. 

5. After subeutaneous injection of eukupin and vuzin cats die 
under a progressively increasing sopor. Large doses of eukupin cause 
a marked fall of temperature. 

6. Subeutaneous injection of concentrated solutions (5°/,) of the 
two alkaloid-salts brings about local necrosis of the skin and the 
subeutaneous connective tissue. 

7. Cleansed sheep’s blood-corpuseles suspended in Ringer’s solution, 
were hemolyzed through eukupin in a concentration of about 1 : 5000 
through vazin in a concentration of about 1: 10000. 

The number of red blood-corpuscles per mm? plays some influence 
upon the required concentration of the alkoloidsalts. 

In the presence of serum the concentration of both substances, 
required for hemolysis, is about 1 : 1000. | 

8. Eukupin and Vuzin in 1 °/,-solution convert oxyhemoglobin 
into a brown colouring substance, which in an acid as well as in 
an alkalin solution shows in the absorption-spectrum spectroscopieally 
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as well as spectrographically a line in orange, right to the left of 
D, while the violet portion of the spectrum is shortened. The sub- 
stance formed is decidediy not methemoglobin and not hematin. 

9. On the frog’s heart at the Straub-cannula‘eukupin acts with 
certainty deleteriously in a concentration of 1:50.000 (in Rınanr); 
vuzin does so in a concentration of 1: 150.000 (in Rınser). Either 
substance, in concentrations .of 1:10.000 and higher, produces a 
standstill of the heart, eukupin a diastolic, vuzin a systolie standstill. 

Serum, and red blood-eorpuseles diminish the action of both sub- 
stances on the frog’s heart. 

The cardiae muscle deprives the solutions of both substances. 

The lesions to the frog’s heart are little or not reversible. 

10. The isolated mamımalian heart perfused after LANGENDORFF is 
brought to a systolie standstill by either substance in concentrations 
of 1:10.000 in Rınakr’s-solution. 

A solution of the two salts in undiluted mammalian blood lessens 
their activity. 

The lesion to the heart cannot be restored by washing out with 
Rınger’s solution, very little with blood. 

11. Eukupin causes the peripheral vessels of cold- and warm- 
blooded animals, separated from the central nervous system, to 
distend (smallest concentration 1: 20.000); vuzin has under the same 
eonditions a constrietive influence (smallest concentration 1:10.000). 

12. Eukupin and vuzin most often constriet the pneumonie 
vessels; quinine and quinidin distend them (smallest concentration 
about 1: 20.000). 

13. Bukupin and vuzin do not manifest ‘a distinet action on the 
coronary vessels in the rabbit’s heart perfused withRınakr’s solution after 
LANGENDORFF. Eukupin widens the coronary vessels of the cat’s heart 
perfused with blood after LangenDoRFF (vuzin not examined). 

In the Starling-preparation (dog) modified after Dusser DE BARENNE 
eukupin (1:90.000 in blood) caused a marked distension of the 
‚coronary vessels, vuzin (1: 60.000 in blood) a smaller. 

14. Intravenous injection of eukupin and vuzin causes lowering 
of the bloodpressure in cats and rabbits, in which process the 
following factors play a part: 

a. weakening of the heart-muscle; 

b. distension of the coronary vessels (after eukupin stronger than 
after vuzin); | 

c. distension of the peripheral vessels (permanent after eukupin, 
transient after vuzin); 

d. constrietion of the bloodvessels of the lungs. 
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The bloodpressure regains entirely or partially the original height 
through the following factors: 

a. lessening of the concentration in the blood; 

b. increase of the output; 

ce. eonstrietion of the peripheral vessels after the initial distension 
through vuzin. 

15. Intravenous injection of vuzin lessens {he action of intravenous 
adrenalin-injeetion on the rise of the blood-pressure; ultimately these 
injections do not yield any appreciable result. 

16. Intravenous injeetion of vuzin lessens the effect of faradic 
vagus-stimulation on the heart. 

17. In the isolated cat’s lung perfused with undiluted blood vuzin 
causes constrietion of the bronchi; eukupin, quinine and quinidin 
cause distension of the bronchial tubes (concentrations about1 : 20,000). 

18. Eukupin, vuzin and quinine nearly always inhibit the action 
of the isolated small intestine of the cat and the rabbit, they rarely 
stimulate it. The effect of quinine can be washed out; that of eukupin 
and vuzin can not. 

19. Eukupin, vuzin and quinine exerted in our experiments only an 
inhibitory influence upon the isolated uterus of the cat and the rabbit. 
Neither the quinine, nor the eukupin-action appeared to be reversible. 

20. On application in 1 °/,,-solution for one minute to the rabbit’s 
cornea eukupin and vuzin produce a transient total anaesthesia. 
1 °/,-solutions are very deleterious to the cornea. 

21. When given in a 1°/,,-solution, eukupin and vuzin bring 
about an interruption of the condnction in the sensitive ischiadieus- 
fibers of the frog (local application). 

22. In a 1°/,-solution both salts cause a total interruption of the 
conduction in the N. ischiadieus of the frog (local application). This 
effect can be washed out in the case of either substance. 

23. Eukupin and vuzin, injeeted intravenously in non-fatal dosis, 
do not influence the centres of the spinal cord of rabbits. 

24. Eukupin elieits stimulation of the vagus-center in rabbits; 
vuzin does not affect the vagus-center in cats. (Öompare N*. 4). 

2. On intravenous administration both alkaloid. salts produce 
stimulation of the respiratory center in cats and rabbits. 

26. When the hindlegs of the frog in the Laewen-Trendelenburg 
preparation are perfused with eukupin and vuzin in Ringer’s solution 
in small doses the result is increased lassitude, in larger doses 
decreased excitability of the muscles. In this process indireet exeita- 
bility is influenced more than the direct. Quinine has a similar action. 
The action of vuzin is strongest, that of eukupin is weaker, that of 
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quinine is weakest. In the strongest eoncentrations the three salts 
cause a total rigidity of the museles. The action is only sparingly 
reversible through washing with Ringer’s solution, a little more after 
quinine than after the other substances. 

27. In the normal rabbit vuzin, injected subeutaneously in: doses 
of 50 mgr. per k.g., causes a temporary fall-of the temperature. 
Eukupin, on the other hand in the same dosage has no effect on 
the temperature of the normal rabbit. 

28. After fever has been excited by injection of coliendotoxins + 
killed bacterium coli, both substances, like quinine, in a dosis of 25 
mgr. per k.g. lower the temperature in the rabbit. 

29. After subeutaneous and intramuseular injection eukupin and 
vuzin are resorbed only very slowly. Rests are found at the place 
of injeetion even after four days. 

Of an intravenous injection of vuzin, in almost fatal dosis, about 
'/, is still retained by the blood after 35 min., the rest is almost 
entirely to be found again in heart, liver, kidneys, adrenals, brains, 
spinal cord and muscles. After 24 hours only traces are to be found 
in these organs. Also with this intravenous injection no vuzin was 
found in the urine. 

- Thus it appears that vuzin is destroyed rapidly after intravenous 
injection. | 

30. In defibrinated blood vuzin is distributed over bloodeorpuseles 
and serum in such a way that in the corpuscles the concentration 
is from 7.7 to 16.6 times as high as in the serum. 

31. Various organs (heart, liver, muscles) in vitro largely detach 
eukupin and vuzin from their solutions in Tyrode. 

In vitro no abolition of the two salts by the named organs was 
demonstrable. 

32. After subeutaneous injection of doses that just failed to be 
fatal neither of the alkaloids could be demonstrated in the urine of 
the cat and the rabbit. 

33. The growth of Micrococcus tetragenus in 1 °/, glucose-broth is 
inhibited by eukupin in a. concentration of about 1: 150.000, by 
vuzin in a concentration of 1: 300.000 or 1: 500.000. 

34. The antiseptie action of solutions of the two alkaloid-salts 
deereases largely after some days’ standing. 

35. Likewise the antiseptie action of the two substances decreases 
largely through dissolving in a physiological common-salt solution. 

36. The presence of ved blood-corpuscles in the fluid culture 
medium weakens the antiseptie influence of eukupin and of vuzin. 

Pharmacogical Institute of the Utrecht University. 


Physiology. — “On Adsorption of Poisons by Constituents of the 
Animal Body. II. The Adsorbent Power of Rabbit's Serum 
‚For Atropin”. By Prof. W. Storm van Lexuwen and J. ZEYDNER. 
(Communicated by Prof. R. Maenüs). 


(Communicated at the meeting of June 26, 1920). 


In previous publications Storm VAN LEEUWEN '!) and EERLAND and 
Storm van LeEuwen ?) have demonstrated that in the serum and in 
the tissues of various animals there are substances capable of 
inactivating alkaloids. At the same time they were able to show, 
that this inactivation is not brought about by chemical destruetion, but 
through a physical adsorption of the alkaloid by certain components 
of the serum or by animal tissues. In these earlier publications it 
has already been deemed probable, that inactivation of atropin by 
rabbit’s serum is not brought about chiefly through a chemical 
decomposition, but very likely also through a physical adsorption. 
It has been our purpose in this paper to ascertain in how far this 
supposition is true. 

The natural resistance of rabbits to atropin has already frequently 
been investigated experimentally. 


Hecker 3) fed rabbits exclusively with solanea without mydriasis occurring in 
these animals; they remained quite healthy and procreated even a numerous offspring, 
which finally would not eat anything but solanea. Neither in the urine, nor inthe 
faeces of the animals did he find atropin either by a chemical or a physical 
method (instilling into the rabbit's eye). When the rabbits, fed in this way, were 
killed and their flesh was given to cats and dogs, these animals did not present 
any phenomena of atropin-poisoning. From this he concluded that the poison had 
been decomposed in the blood of the rabbits. 

HERMANN showed afterwards that the resistance of rabbits to atropin did not 
depend upon an augmented excretion of the-poison, because it appeared that after 
ligation of the arteria renalis, the atropin-resistance of rabbits did not decrease. 


) W. Storm van Leeuwen. Sur l’existence dans le corps des animaux de 
substances fixant les alealoides. Arch. Neerl. de Physiol. Tome 2 p. 650, 1918. 

”) L. Eertann and W. Storm van Leeuwen. On Adsorption of Poisons by 
Constituents of the Animal Body. I. The adsorbent power of serum and brain- 
substance of CGocain. Proceedings Royal Acad. Vol. XXII, p. 831. 

3) Hecker. De l’influence des solanees vireuses en general et de la Belladonna 
en particulier. Ö.R. Acad. de Paris 80. 1875. p. 1608. 
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WILLBERG I) examined the resistance of several species of animals to atropin, 


and calculated how many times they were more insensitive than man. We subjoin 
some figures: 


Kabbite!), 2% . 242 
White Mouse. . 162 
Young dog... 124 
Full grown dog 194 
SE RP 75 


This also shows that the resistance does not depend mainly on the intensity of 
the metabolism of the animals, since the smallest animal examined is less resistant 
than a rabbit or a hen. 

According to some the age of the animals influences the resistance. A young 
individual should then be more resistant than a full-grown animal. WILLBERE 
proved this for dogs. With men also the same phenomenon is observed; for an 
adult 50 berries of atropa belladonna are not fatal, 40 berries will kill an old 
man. The fatal dosis for an adult is 0,01—0,06 gr. sulf atropini; an infant seems 
to tolerate 0,14 grms (BARBIER?). 

KRASNAGORSKLS) gave infants with exudative diathesis, 0,85—2,5 mer. sulf 
atropini per day during a month without recognizing mydriasis or acceleration 
of the pulse-rate. He ascribes the greater resistance to an increased vagotony in 
young individuals. 

CALMETTE*) injected 200 mgr. of sulf atr. intravenously into a rabbit, without 
establishing any toxic atropin-action. On the other hand an intracerebral injection 
of 2 mgrs induced death under convulsions and paralysis. 

This proves that when the poison is administered in the usual way it is 
rendered harmless before it reaches the brains, which CALMETTE attributed to 
phagocytosis. Several researchers however showed that in this respect his experi- 
ments were fallaceous and that no active part can be ascribed to the white 
blood-corpuscles. 

FLEISCHMANN 5) found that the detoxicatingZinfluence of rabbit’s serum can also 
be demonstrated in vitro. 

At the same time he discovered that the individual differences in resistance 
were proportional to the “Zerstörung”-capacity of the serum. According to this 
experimenter this may be observed also in man: that children, idiots and im- 
beciles tolerate more atropin and hysteriei only very little may, according to 
FLEISCHMANN, also be dependent upon the atropin-destroying power oftheir serum. 
He found that there were rabbits which were very sensitive to intravenous injec- 
tion of sulfas atropini and that also their serum in vitro did not possess any weaken- 
ing action. These were strumous rabbits from Bern, showing hyperthyroidism. 


ı) WirıBere. Die nat. Resistenz einiger Tiere dem Atropin gegenüber. Zeitschr. 
f. Bioch. 66. p. 398, 1914. 

2) Barpıer. Sur deux cas d’intoxication par l’atropine. (These de Bordeaux 1910). 

5) KRASNAGoRSKL. Exsudat. Diath. u. Vagotonie M. S. Kind. XII 1913, p. 138. 

4) GALMETTE. Sur le mecanisme de ’immunite contre les alcaloides. Soc. Biol. 


Jub. band 1899. Ri 
5) FLEISCHMANN. Atropine-Entgiftung durch Blut. Arch. f. exp. Path. 62, 1910, 


p. 518. 
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Resistance then would be related with the thyroid gland. Mrrzxer !) denied this 
relation. Indeed, he found rabbits whose blood did not destroy atropin at all, but 
when examined macroscopically as well as microscopically, they were found to 
evince a great difference in the sizes of their thyroid glands. The place whence 
they originate seems to be a more important factor. Rabbits from Alsace und 
Leipzig are highly resistant, Merzwer’s laboratory animals from Basel and Bern 
very little. FLEISCHMANN?) partly retracled his statement, but he cannot disavow 
all relations between thyroid gland and resistance. In patients with morbus Base- 
dowi he found a stronger “Zerstörend” serum in 30%, of the cases examined. 


It was established, therefore, that rabbit’s blood could render large 
quantities of atropin harmless, but the way in which.this is brought 
about is still an open question. Most researchers assume that the 
alkaloid is broken up into its components tropin and tropie acid, a 
simple chemical decomposition ; METZNEr*) suspeets an enzym splitting 
the atropin. DösrLın and FLrischManN *) also do not think this 
improbable. Hrrrter and FickEwirta ®) invariably found tropin in 
the urine of the laboratory animals, but could not establish it in 
the serum or the liver. 

Dıxos, Ransom, and HaMmiıLL‘°) report that they do not assume a 
destruction of the alkaloids in the body, but that the alkaloid (in 
casu strychnin) is adsorbed and can readily be regained by solvents 
of alkaloids. According to them the intensity of the adsorption varies 
with the “colloidal nature” of the adsorbing substance. For aught we 
know, they have not proved this assertion. Still, they are right, as 
will appear lower down. However, the matter is not so simple as 
they imagine, for the fact that rabbit’s serum adserbs so intensely 
and dog’s serum does not, cannot presumably be ascribed merely 
to the degree of its “colloidal nature.” 

When an animal after intravenous injection is very little sensitive 
to a poison the chief cause may be one of the following: 


') Merzwer. Mitteilungen über Wirkung nnd Verhalten des Atropins im Orga- 
nismus. Arch. f. exp. Path. 68, 1912, p. 11—99. M. und HEnınGER ueber die 
Beziehungen der Schilddr. zur Atropin-zerstörenden Kraft des Bl. Hetzelfde 69, 
1913, p. 272. R 

?) FLEISCHMANN. Dösuın und Fr. Zum Mechanismus der A. Entgift. durch Bi. 
etc. Z.schr. f. Klin. Med. Bd. 77, p. 145, 1913. 

3) METZNER. ].c. p. 158. 

4) DöpBLın u. Freischmann. l.c. p. 149. 

5) HEFFTER u. FICKRWIRTH. Ueber das Verhalten des A. im Organismus d. 
Kaninchens. Biochem Z.schr. 40, p. 45, 1912. ar 

6) Dixon und Ransom. Die elektive Wirkung v. Arzneien auf d. peripheren 
Nervensystem-Ergeb. der Physiol. 12, p. 773. 

Dixon und Hamıtı. Seeretion and action of drugs. Journ. of physiol. 38, 
p. 314, 1909. 
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1. the organs of the animal may not be sensitive to the poison. 
(Strauß!) demonstrated not long ago that to this the resistance of 
the rat to strophantin is to be ascribed). 

2. the poison may probably be destroyed chemically in the body. 

3. the poison may be made inactive in the body of the animal 
in another way. 

The first supposition will hardly apply to the case under consi- 
deration, because although the rabbit possesses a great power of 
resistance to atropin, the organs of this animal are very sensitive 
to this poison. It has been proved by Van Lipra DE Jeune’s?) expe- 
riments that the action of atropin upon the surviving small intestin 
of the rabbit is about ten times stronger than its action upon the 
catgut. Besides, as already mentioned, CAaLmertr showed that an 
intracerebral injection of two mgr. of atropin into a rabbit induces 
death instantly. 

AS appears from the inquiries by FIL.EISCHMANN, METZNER and others, 
the second supposition has come true. Rabbit’s blood can decompose 
atropin in vitro, but this decomposition proceeds comparatively slowly, 
and consequently not on such a large scale as to enable us to 
establish from it the rabbit’s resistance to atropin, when this poison 
is injected directly into the circulation. 

These considerations tend to support the third supposition, and in 
the experiments to be described now we have been able to demon- 
strate the high adsorbent power of rabbit’s serum for atropin; still it 
does not decompose it. 

In order to demonstrate in these experiments the inhibitory influ- 
ence of rabbit’s serum, we needed an accurate method for a physi- 
ological determination of the values of atropin-solutions. To this end 
we adopted the method expounded by StoRM van LERUWEN and VAN 
DEN BROEKE in a previous publication *). Their procedure was as 
follows: a certain quantum of pilocarpin is added to a surviving 
piece of catgut and hereafter the amount of atropin was determined 
that is required to abolish almost entirely the contraetion of the gut 
generated by the pilocarpin. This method yields satisfactory results, 


1) W. Sıraus. Ueber die Resistenz der Ratten gegen K-strophanten. Arch. f. 
exp. Path. und Pharmak. Bd 84, p. 223, 1918. 

2) v. Lipru DE Jeupe. Quantitalieve onderzoekingen over het antagonisme van 
sulfas atropini tegenover hydrochloras pilocarpini, salicylas physostigmini en 
hydrochloras muscarini op overlevende darmen van zoogdieren. Dissertatie Utrecht 1916. 

3) STORM VAN LEEUWEN and VAN DEN BROEKE. A quantitative inquiry into the 
antagonism pilocarpin-atropin .on the surviving cat-gut. Proceedings Royal Acad. 
Vol. XXVIIL, p. 1158. 
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if some precautions are taken which are amply discussed in the 
publication we have cited. | 

The following experiments were made according to this method. 

To the liquid containing a surviving gut (75 c.c. of Tyrode 
solution) 0,1 mgr. of pilocarpin is added. After three minutes 0,0004 
mgr. of atropin is added to the liquid. As may be seen from fig. 
1a this dosis of atropin is not suffieient to completely abolish the 
contraction of 0,1 mgr. of pilocarpin. After the atropin and the 
pilocarpin has been washed out, and the gut has been standing in 
fresh Tyrode solution for half an hour again 0,1 mgr. of pilocarpin 
is administered and three minutes afterwards 0,024 mgr. of atropin, 
that is 60 times the quantity given in the previous experiment. This 
atropin had been for 50 minutes in contact with fresh rabbit’s serum. 
It will be seen that this quantum of atropin is able to abolish 
the action of pilocarpin; this dosis, then, has a stronger effect than 
the preceding one (fig. 1b). 

In fig. 1c first 0,1 mgr. of pilocarpin is given; after tbis 0,012 
mgr. of atropin i.e. thirty times the quantum of the first experiment. 
It is evident that this atropin-action agrees with that of fig. 1a 
Here also the atropin had been previously in contact with rabbit’s 
serum; namely, 1 mgr. of atropin had been added to 5 c.c. of fresh 
rabbit’s serum. From these experiments it may therefore be concluded 
that through the contact with rabbit’s serum the action of the atropin 
had been weakened to such an extent that less than one thirtieth 
of the original action is left. 

In fig. Id again 0,1 mgr. of pilocarpin is added to the gut, and 
three minutes later again 0,016 mgr. ofatropin isgiven. This atropin 
has also previously been in contact with serum; its action is stronger 
than that of 0,0004 mgr. of atropin in fig. 1a. In fig. le again 0,1 
mgr. of pilocarpin is administered and then again the dose of 0,0004 
mgr. of atropin, which had also been given in fig. 1a. 

This experiment serves to show that the sensitivity of the gut has 
not altered considerably; as will be seen the action of 0,0004 mer. 
of atropin is now & little stronger than in fig. 1a. From these 
experiments we may therefore conclude that (see fig. 1d) through 
the contact of atropin with rabbit’s serum its action is reduced to 
one thirtieth, nay, almost to one fortieth. 

Now, in order to prove {hat this adsorption of atropin by rabbit’s 
serum is not a chemical destruction, but most likely a physical 
process, we proceeded as follows: the atropin-solution, which through 
the contact with rabbit’s serum had lost the greater part of its acti- 
vity, was treated with hydrochlorie acid and aleohol, as has been 
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described in the preceding communication for the adsorption of cocain 
by serum ). The alcohol was evaporated, the liquid neutralized and 
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made up to the original volume. Now we ascertained how much 
active atropin was present. The result can be seen in fig. 1/—1h 
In fig. 1 and 1 every time 0.2 mgr. of pilocarpin is added to 
the gut and afterwards 0,0006 mgr. of atropin ’). As will be seen 
from the figure after three minutes nearly the whole action of the 
pilocarpin has been abolished by the atropin. In fig. 1g again 0,2 
mgr. of pilocarpin is given, and after three minutes so much of the 
alropin-containing liquid (serum —+ atropin treated with alcohol and 
hydrochlorie acid) has been added, as corresponds to 0,001 mgr. 
atropin of the original serum-atropin mixture. It will be seen that 
its action is slightly stronger than that of 0,0006 mgr. of atropin, - 
from which we deduce that through the treatment with alcohol 
if not all, yet nearly all’ the atropin has been recovered in full 


activity. 


1) L. EERLAND and W. STORM VAN LEEUWEN. ].c. 
2) The piece of gut used here was not the same as that of fig. la—e. 


32 
Proceedings Royal Acad. Amsterdam. Vol. XXIIL 
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We did not deem it necessary to show that all the atropin is recovered, be- 
cause — vide supra — most likely, already during the short contact of the 
atropin with rabbit's serum a small part of the atropin has been destroyed 
chemically. With our method we could not expect to find again all the atropin, 
but what we could show was that the greater part of the atropin could be 
reclaimed in active form. 

This experiment also explains the phenomenon observed by CLoETTA!) and 
ScHINZ ?), viz. that they found in their chemical determinations more atropin than 
could be demonstrated physiologically. Now, the chemical reaction (Vitali) consists 
also in extracting with alcohol and chloroform. ScHinz tried to explain it in this 
way that the atropin-moleeule was destroyed so far that it a no more react 
biologically, but still gave the chemical reaction. 


The investigation above described was repeated in several other 
experiments, invariably with the same result. 

In another experiment we ascertained whether some further know- 
ledge could be obtained about the quantitative relations in the case 
of adsorption of atropin by rabbit’s serum. For this purpose (see 
fig. 2a) first 0,1 mgr. of pilocarpin was given and after three mi- 
nutes 0,0002 mgr. of atropin; this could neutralize the pilocarpin- 
action almost entirely. In fig. 15 0,1 mgr. of pilocarpin is given 
and subsequently 0,008 mgr. of atropin, which had previously been 
in contact with rabbit’s serum; its action will be seen to be less 
than that of 0,0002 mgr. of atropin, given before, so that apparently 
through the serum the atropin-action had been reduced to '/,,. In 
fig. 1c again 0,1 mgr. of pilocarpin is administered, then 0,0002 
mgr. of atropin; this could neutralize entirely the action of the 
pilocarpin, from which it appears that the seneitivity of the gut to 
atropin has certainly not diminished during the experiment. The 
atropin given in fig. 2b was taken from a solution which eontained 
0.1 mgr. of atropin to'1 c.c. of fresh rabbit’s serum. 

In fig. 2d 0.05 mgr. of pilocarpin was given to another piece of 
gut. Its action, as appears from the figure, could be almost entirely 
abolished by 0,0002 mgr. of atropin. In fig. 2e 0,05 mgr. of pilo- 
carpin was given and after this 0,008 ıngr. of atropin; this atropin 
had been taken fiom a solution which contained 1 mgr. of atropin 
per c.c. of fresh rabbit’s serum, i.e. 10 times the quantum of the 
previous case. In fig. 1/ again 0,0002 mgr. of atropin of the usual 
aqueous solution was given. This experiment then tends to show 
that also when a whole milligram of atropin is added to 1 c.e. of 
rabbit’s serum, the action of atropin is reduced to about !/,.. 


') Croetta. Ueber Angewöhnung an Atropin. Arch. für exp. Path. 64, p- 432, 1911, 
2) Schinz Zur angeborenen und erworbenen Atropin-Resistenz des Kaninchens, 
Arch. für exp. Path. 81 pg. 206. 1917. 
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It would be well to observe the quantitative values of adsorption 
for a large number of concentrations of atropin in rabbit’s serum ; 
this however would be a diffieult task also on account of the time- 
eonsuming technique; anyhow from the single experiment just de- 
scribed (similar experiments led to the same results) it appears that 
probably the relations obtained with the adsorption of pilocarpin by 
rabbit's serum also hold good for the adsorption of atropin by serum; 
the said relations have been discussed by one of us in an earlier 
communication. '‘) 

It was there that we found nearly all the poison adsorbed when 
working with comparatively small quanta of the alkaloid; larger 
quantities produced a different effect. 

If, namely, in that experiment 10 mgr. of pilocarpin was added 
to 5 cc. of rabbit’s serum, 9.5 mgr. were adsorbed, so that only 
0.5 mgr. was left in the solution; an addition of 20 mgr. of pilo- 
carpin yielded an adsorption of 18,5 mgr. of pilocarpin, so that 
only 1,25 mgr. remained. Larger doses however gave widely different 
results: e.g. an addition of 100 mgr. led to an adsorption of 28,5 mgr., 
so that 72,5 mgr. was left in the solution. As said, such an extensive 
quantitative inquiry in this direction for atropin, takes a great 
deal of time and is almost impracticable. The experiment recorded 
here, however, points to the probability of similar quantitative rela- 
tions for atropin to those for pilocarpin. 

In conducting these experiments we observed something that 
necessitated an extension of our investigation. We found that the 
serum of a rabbit, (0 which before death an injection of some c.c. 
of a peptone solution had been administered, had no or only little 
adsorbent power. It also appeared that rabbit’s blood, to which eitras 
natricus had been added to prevent clotting, had only a very slight 
‘adsorbing power for atropin. 

We might reasonably infer from this that the substance from 
rabbit’s serum which can adsorb atropin, is not present as such, but 
is ‚generated only after clotting, so that no adsorption will take 
place when coagulation is prevented. In looking through the literature 
this supposition appeared to be improbable, because MrTzner’) made 
his experiments with rabbit’s blood to which hirudin had been added, 
and he does not mention (hat this addition lessens the adsorbent power. 

The supposition is also refuted by Dovron and Sarvonar’), who 


) W. STORM VAN LEEUWEN. |. c. 
, k% 
s) Doyon et Sarvonar. Passage d’une nucleoproteide anticoagulante dans le 


sang. Soc. de Biol. 74. 1913, p. 78. 
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found that atropin generates a nucleoproteid in the blood which 
obviates clotting, while they also observed that the adsorbent 
power of serum in vitro runs parallel with the animal’s resistance 
to intravenous injections in vivo. This would be difficult of explana- 
tion if the adsorbing substance should originate only with coagulation. 

Another possibility to be considered is, that the presence of peptone 
or citrate might prevent the adsorption of atropin by rabbit’s serum, 
or — if it had already been accomplished — might loosen the 
atropin binding and this assumption is not without foundation, since 
GenGou'!) has stated that certain colloidal solutions, several sera, 
albumoses and also citrates can inhibit certain adsorptions. 

Citrates e.g. can counteract adsorption of colouring matter by 
animal charcoal, nay, they can substitute certain adsorptions by their 
own adsorption. We have examined this question in the following 
way (see Fig. 3). 

In fig. 3a 0,02 mgr. of pilocarpin is added to the gut and after 
three minutes 0,0002 mgr. of atropin, which undoes the pilocarpin- 
action almost entirely in three minutes. 

In fig. 35 the same dose of pilocarpin is added, but a different 
quantum of an atropin solution which was obtained in the following way: 

To rabbit’s serum some atropin was added and also a few drops 
of eitras natricus. Of this liquid the quantity was taken that could 
be assumed to contain 0,001 mgr. of atropin, the effect of which 
is slightly weaker than 0,0002 mgr. in fig. 2a, so that at the very 
least the effect of the atropin is reduced to !/,. In fig. 3c 0,008 
mgr. of atropin is given, but this atropin is, derived from a solution 
obtained by adding 1 mgr. of atropin to 1 c.c. of rabbit’s serum, 
without the addition of ceitrate. A very strong adsorption of the 
atropin is now noticeable, for 0,008 mgr. of atropin in experiment 
3c is less active than 0,001 mer. in fig. 35, from which it is evident 
that eitras natricus largely inhibits the adsorption of rabbit’s serum. 

To the solution of atropin in rabbit’s serum, which is used in fig. 3c 
subsequeutly eitras natricus is added by which the adsorption is 
distinetly diminished, for 0,008 mgr. of atropin is active again in 
fig. 3d, whereas the same dose in fig. dc was inactive. After the 
addition of pilocarpin in fig. 3e again 0,0002 mgr. of atropin is 
given to show that the sensitivity of the gut to this poison was 
unchanged. 


Fig. 4 tends to show that the action of peptone is in this respect 


1) GENGoU. Contribution a l’&tude del’adhesion moleculaire et de son intervention 
dans diverses phenomönes biologiques. Arch. int. de physiol. VII 1908. 
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similar to that of citras natricus (in this experiment we also 
ascertained whether hen’s 'eggwhite adsorbs atropin). In fig. 4a 
0,01 mgr. of pilocarpin is added to the gut and after three minutes 
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0,0006 mgr. ‘of atropin, which annuls the pilocarpin-action almost 
completely. In fig. 45 0.01 mer. of pilocarpin is added and after 
this 0.0006 mgr. of atropin, which has been in contact with hen’s 
eggwhite. Here there is no inhibition, as is shown clearly in the 
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figure. Fig. 4c illustrates the experiment in which again 0.01 mgr. 
of pilocarpin is given and afterwards 0.024 mgr. of atropin, i.e. 40 
times as much as in the preceding experiment; this atropin, however, 
has been in contact with rabbit’s serum, and now it can distinetly 
be observed that the action of the atropin is again reduced to less 
than '/,.. In fig. 4d 0.0015 mgr. of atropin is administered, i.e. much 
less than in fig. dc; this atropin has also been in contact with serum, 
but in this case.a little peptone (Wırrk) had been previonsiy added 
to it. It is manifest that now the atropin-action is not nearly reduced 
to '/., from which it becomes evident that the addition of peptone partly 
prevents the adsorption of atropin by rabbit’s serum. That an existing 
adsorption can be loosened by the peptone appears from fig. de, 
where 0.005 mgr. of atropin has been added. This dosis is active, 
at least much more active than 0,024 mgr. of atropin was in fig. 4c 
and this dosis of 0.005 mgr. of atropin is taken from a solution, in 
which the atropin had first been adsorbed by rabbit’s serum, and 
subsequently a drop of 5°/, peptone-solution had been added. So 
through the influence of peptone the existing adsorption had been 
partly abolished. Fig. 4/ again tends to show that 0.0006 mgr. of 
atropin is still active. This is a control-experiment. 

Little is known as yet about the nature of the adsorbing substances 
in rabbit-serum. DöBLın and FLEISCHMANN!) found that the substance 
cannot be heated above 60°, also that it can be refrigerated and 
thawed again and even desiccated. It does not pass through a 
chamberlandeandle. At the dialysis of the serum the albumin group 
appeared to adsorb, the globulin group did not. When salting out 
they found the same result. 

We have endeavoured to learn more about the nature of this 
substance; thus far with very little result. Plasma of rabbits as well 
as serum seems to have a great adsorbing power; the blood- 
corpuscles, when washed out and suspended in a physiological 
salt-solution do not adsorb atropin. We also saw that although rabbit’s 
serum is very active, that of cats, men, horses, cows and goats is 
little active. We happened to have the disposal of a qnantum of 
rabbit’s- serum, which had: been reserved in Professor Van CALcar’s 
laboratory for nine years in a sealed up glass tube; this serum has 
stil a high adsorbent power for atropin. 

Finally we also learnt from special experiments that lecithin does 
not adsorb atropin, which accords with Storm van [esuwen’s result 
with respect. to pilocarpin and leeithin. It may very well be that 
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the adsorbing substances do not oceur only in the blood of rabbits, 
but also in other parts of its body. We detected that brain-, and 
liver-substance of the rabbit had a rather strong adsorbent power. 
This adsorption also could be undone by extraction with alcohol. 
An adsorption of atropin by liver substance had also been found by 
v. OkTTInGen !), who established that the liver of frogs adsorps atropin 
very strongly. The serum of this animal has no adsorbent power, 
although the animal is very resistant to atropin. CLorrrA had also 
shown already that the livers of the rabbit, the cat and the dog, in 
vitro, could destroy atropin. We found that the_brainsubstance of 
the rabbit had a stronger adsorbent power than that of the cat. 

When asking what does the adsorbent power of rabbit’s serum 
signify for these animals, we may safely answer that it will be an 
important factor for the great resistant power of rabbits for atropin. 
It should be borne in mind, however, that in this way we shall 
never be able to solve the entire problem of resistance, for it may 
be that when atropin is administered to rabbits per os part of it is 
destroyed in the gut. MeTzner *) found in his experiments that Bazel-, 
and Bern-rabbits have apparently little or none of these adsorptive 
substances in their serum, although they are highly insensitive to 
atropin given per os. Moreover this resistance can still be increased 
through immunization. Lastly, on the basis of the experiments by 
FLEISCHMANN, METZNER, HFRFFTER and others it cannot be doubted that 
a chemical destruction of the atropin also comes into play. When, 
however, a poison is injected subceutaneously or intravenously, a 
chemical destruction will be too late to prevent an acute intoxication, 
as has been pointed out by us more than once. A physical adsorpt- 
ion, however, operates quickly, and may therefore be of use in this 
respect. 

It remains still to observe that, althougb in this and in previous 
papers “physical adsorption” is frequently contrasted with “chemical 
destruction”, we cannot say for sure that this adsorption is indeed 
a physical process. Doubtless in the processes alkaloids or other 
poisons are influenced by tissue-substances, so that they are much 
less active, but can be easily restored to full action with very simple 
means, such as treatment with alcohol, or boiling in water. When 


!) V. OETTINGEN. Ueber d. Verhalten d. Atropine im Organismus des Frosches. 
Arch. f. exp. Path. 83. p. 381 1918. 


2) METzwer. Mitteilungen über Wirkung und Verhalten Er Atropin im Organ. 
Arch. f. exp. Path. Bd. 68. pg. 110. 1912, 

METZweR und HEDINGER Ueber die Beziehungen der Schilddrüse zur atropine- 
zerstörenden Kraft des Blutes. Ibid. Bd. 69. pg. 272. 1913. 
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considering the quantitative relations we see that — so far as we 
are able to observe this — in the case of this process about the 
same rules are followed that have been laid down by F'RrUNDLICH 
for the adsorption of dyes by animal charcoal. 


From the Pharmaco-therapeutical Institute of the 


ö Leyden University. 
June 1920. 


Palaeontology. — “Un the Occurrencee of Halimeda in Old- 
Miocene Coastreefs of East-Borneo”. By Dr. L. Rurrten. 


(Communicated al the meeting of April 23, 1920). 


In arranging the collections of the Siboga-Expedition it appeared 
how widely the calcareous alga Halimeda of the order of the Siphoneae 
is spread on the coastreefs round the islands in the eastern part of 
the East-Indian archipelago. This organism is found at the coast of 
the Little-Sunda Islands, at several places of the coast of Celebes, 
around the Aru- and Kei-islands and in the Banda-Archipelago '). 

In connection with this fact it is remarkable that up to this day 
so little has become known of the occurrence of this alga, which 
is so well adapted to fossilization, in the tertiary, littoral deposits of 
the East-Indian Archipelago, which have so many features in common 
with the present coast-reefs: as e.g the corals, the lithothamnia and 
the foraminifera, which are the chief builders of recent reefs, are 
also met with in the tertiary coast-limestones. 

To my knowledge R. SchugErT ’) is the only writer who has 
reported the occurrence of Halimeda in very young — probably 
quaternary — limestones of North- and Central-Celebes. 

Also out of the East-Indian Archipelago fossil-rests of Halimeda 
have been found very rarely. Tu. Fuchs’) was the first to deseribe 
unquestionable fossils from the Eocene of GREIFENSTEIN ; the Halimeda, 
whose “branchlets” were impressed in sandstone, so that only the 
external form had been preserved, bore a great, habitual resemblance 
to the alga still living. Slight morphological deviations led to the 
establishment of a new species of fossils: H. Saportae. 


In some limestones — “transition rocks between Miocene and 
recent” — of Christmas Island, south of Java, also traces of Halimeda *) 
were found. 


ı) E. S. Barton. The genus Halimeda. Monograph LX ofthe Siboga-Expedition, 
1901. 

2) R. ScHUBERT. Beitr. z. fossilen Foraminiferenfauna von Celebes. Jahrb. K.K. 
Geol. Reichsans. Wien. 62. 1912, p. 127—150, 

®) Tu. Fuchs. Ueber eine fossile Halimeda aus dem eocänen Sandstein von 
Greifenstein. Sitz. Ber. Akad. der Wiss. Wien. Math. Natw. Cl. Abt. I. 103. 1894. 
p. 200—204. 


*) Cu. W, Anprews. A monograph of Christmas Island. 1900, p. 250, 975. 
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Lastly J. Cuapman !) recorded the oceurrence of Halimeda in “Late 
Caenozoic reef-rock” of Malikolo, New Hebrides, and (reproduced a 
limestone), almost entirely composed of fragments of Halimeda. In 
other places Halimeda. never seems to have occurred as a rock- 
builder ?). 

It is a fact, therefore, that in Europe Halimeda is encountered in 
Tertiary rocks, while in East-Asia and in Australia it is found up 
to the present only in very late reef-deposits, which have been formed 
in the Quaternary or en the boundary between Quaternary and 
Tertiary. 

Some years ago I found in Old Miocene marls, scattered largely 
to the west of Bontang, on the East coast of Borneo, small flat 
calcareous bodies, which were not determinable. A few years later 
I saw on the coast-reef north of Wahai, Central Ceram, plants of 
a green alga, whose elements very much resembled the Borneo 
fossil. The Wahai alga appeared to belong to Halimeda Opuntia 
Lam and the Bontang fossils seemed to possess all the external and 
the internal characteristics of the genus. While investigating the 
silt-material from Old-Miocene marls of other finding-places in East- 
Borneo, still more Halimed& were detected, rare specimens in an 
Old-Miocene marl from Sg. Blakin on the West-side of the Balik 
Papanbay and very numerous specimens in an Oligo Miocene marl 


Fig. 1. X 2,2. Halimeda cf. Opuntia Fig. 2. x 9 (longitudinal section). 
Lam. forma triloba. Old-Miocene marl. Bontang. 


8} Chapman. Australasian Fossils. 1914, p. 77. 
2) E. Garwoop. ‘On the important part played by calcareous algae at cerlaın 
geological horizons. The Geol. Magazine. (ö). X. 1913. Nos. 10, 11, 12. 
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from the region where rises the. Sg. Melawan, southern affluent of 
the Sg. Sekuran, about 35 k.m. north of Bontang. 

Also in Old-Miocene Miogypsina-marl, to the south of the Bungalun- 
river; in Jiate-Miocene marl from Kari Orang and in Pliocene marls 
from Sungei Busu, southwest of Bontang. In all these finding-places 
Halimeda coinceides with littoral Foraminifera and with Corals, which 
goes to show that the places where the Oligo-Miocene algae grew, 
were similar to those of the algae still living. 

There is no argument for celassing the fossil Indian remainders 
as a new species. The isolated calcareous bodies (fig. 1) agree satis- 
factorily in size and outward form with those of H. Opuntia Lam. 
forma triloba, and also the internal structure (fig. 2) corresponds 
with the structure of this species, in that the central thallus-bundles 
branch off already at the base of the calcarious bodies, and the 
branches run directly towards the extremities of the lobes, which 
are occasionally more or less distinct '). 


ı) Cf. E. Askenasy. Algen der Gazelle-Exp. in die “Forschungsreise S. M. S, 
Gazelle” in den Jahren 1874—1876. IV. 1889, p. 11. 


Physiology. — “On the Effect of Tonic Labyrinthine and Cervical 
‚Reflexes upon the Eye-muscles’. By Dr. A. pn Kıryn (Com- 
municated by Prof. R. Macnus). 


. (Communicated at the meeting of April 23, 1920). 


Recent researches performed in our Institute have shown that in 
various animals the tonus of the skeletal muscles varies, according 
to fixed laws with the position of the bead, and that the reflexes 
which come into play here, may be divided into two groups: Tonie 
labyrinthine reflexes, which appear when the position of the head 
in space is changed, and tonic cervical reflexes which appear when 
the position of the head relative to the trunk is changed. Our object 
in this paper is to ascertain how far these reflexes can be demon- 
strated as well for the eye-muscles. 


I. Tonie labyrinth-reflexes acting on the eye-muscles. 


Many times already tonie labyrinth-reflexes have been examined 
in man and in various animals; they are the so-called compensatory 
eye-positions. | 

Some years ago an extensive quantitative investigation in rabbits 
was published in .Pflüger’s Archiv '‘). | 
For further particulars we refer to this publication; we wish to 
lay stress once more on the following final results: 

a. With every position of the head in space we note a corre- 
sponding position of the eyes in the orbita. 

b. If the head is brought from one position into another, the eyes 
attain their new position in the orbita either by rotatory or by vertical 
movements, or by both together; no data could be obtained for lateral 
movements in the direction of the palpebral aperture. 

" Neither was BenJamıns ?) more successful in his experiments with 
fishes. ir 
“ e. It is allowable to state generally that, if the head passes from 


1) J. v. o. Horve und A. oe Kıevn. Tonische Labyrinthreflexe auf die Augen. 
Pflügers Archiv. für die ges. Physiologie. Bd. 169. S. 241. 1917. 

‘2 C. E. Bensamıns. Contribution A la Gonnaissance des Reflexes toniques des 
museles de l’oeil. Archives Neerlandaises. Tome II, 4e livraison, p. 536 (1918). 


33 
Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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one position to another, the eye performs such movements to attain 
its new position in the orbita that it, as it were, tries to retain its 
spatial position. The eurves in the above-mentioned publication show 
with how. little success. To this we shall revert later on. 

We still wish to insist emphatically that these tonie reflexes must 
be distinguished from the transient eye-movements which appear 
during or directly after the movement of the head. This distinetion 
is often more or less overlooked in the literature. The compensatory 
eye-positions are determined by tonie reflexes and vary only with the 
position of the head in space. The determined eye-position, therefore, 
continues, until this position of the head in space is changed. 

In all experiments on compensatory eye-movements due care should 
also be taken that during the experiment the position of the head 
relative to the trunk cannot change. 

That in the above researches we really had to do with labyrinth- 
reflexes could be readily proved, as they disappeared completely 
after bilateral labyrinthine extirpation. 


II. Tonic cervical reflewes acting on the eye-muscles. 


Very little is known in the literature about tonie cervical reflexes 
acting on the eye-muscles. Baranry !) is the only author who (in 1907) 
published an investigation which warranted the assumption of such 
reflexes. In experiments on rabbits, the head of the animal being 
fixed and the trunk being moved relatively to the head, round 
different axes, eye-movemenis were the result. The results, however, 
varied and the reflectory eye-movements also appeared to depend 
on the position of the head in space. Technical diffieulties prevented 
him from ascertaining experimentally whether cervical reflexes come 
into play here. 

On a priori grounds it seems to me improbable that true cervical 
reflexes should fundamentally be varying according to the position 
of the head in space. 

The question, therefore, urges itself upon us whether in the case 
of Barany’s reflexes, we may have to do with a ‚superposition of 
cervical and labyrinth reflexes. The sume cervical veflexes may very 
well evoke different eye-movements, when these reflexes affect eyes 
which, in consequence of tonie labyrintli reflexes, take up another 


position in the orbita when the position of the head in space is 
altered. 


') R. Bäräny. Augenbewegungen durch Thoraxbewegungen ausgelöst. CGentralbl. 
f. Physiol. Bd. XX. 
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If, therefore, we wish to examine only the influence of tonie 
cervical reflexes on the eye-muscles, it is necessary to do so in 
animals without labyrinths, in which case the appearance of tonie 
labyrinth reflexes is precluded. 


A. Tome cervical reflexes on the eyes in rabbits without labyrinths. 


This experiment was carried out with 6 rabbits. After bilateral 
extirpation of the labyrinth, by a method previously described in 
Prröcer’s Archiv !,, we waited some days, until the jerks 
consequent on the operation bad completely subsided. Subsequently 
the head was fixed and the trunk was moved on various axes. 
The eye-movements resulting from this process were carefully noted. 
The examination was performed for various positions of the head 
in space, and was to the following effect: 

a. After bilateral extirpation of the labyrinth the position of the 
head in space does not affect the nature of the tonie cervical reflexes: 
in different positions we found invariably the same reflexes. (These 
positions were: head with lower jaw down, with lower jaw up, 
with muzzle down, witlı muzzle up and both lateral positions). 

b. A special position of the eyes in the orbita answers to a special 
position of the trunk relative to the head. 

c. When the trunk is turned round various axes the eyes attain, 
through various movements, their new position in the orbita in the 
following ways: 

1. When the trunk is turned round its dorso-ventral axis, by 
movements in the direction of the palpebral aperture. The eye towards 
which the trunk is moved, moves towards the nose, the other eye 
towards the ear. 

. When the trunk is turned round its frontal axis, by rotations. 
When the trunk is moved towards the skull, both eyes rotate with 
the upper pole in the direction of the nose; when the trunk is moved 
towards the lower jaw with the upper pole towards the ear. 

3. When the trunk is turned on its long axis, by vertical move- 

ments. The eye towards which the back of the animal is turned, 
moves downwards, the other eye upwards. 
As could be antieipated, it appeared that the same reflexes occur 
when, instead of the trunk being moved relative to the head, the 
head is moved relative to the trunk. BARANY forgot this and was 
consequently sent on the wrong course in drawing his conelusions. 
To this we shall revert lower down. 


= Prrügers Archiv. Bd. 145, p, 549, 1912. Be 
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"Now, when moving the head relative to the trunk the same phe- 
nomena will be observed that appeared for the tonie labyrinth 
reflexes, namely: 

4. It may be generally stated that, when from a certain position 
relative to the trunk the head is brought into another position, the 
eye of animals deprived of their labyrinths will also perform such 
movements to attain its new position in the orbita, as to make it 
appear that it Zries, as il were, to retain its position in space. 

However, these cervical reflexes are much less pronounced than 
the tonie labyrinth reflexes, previously described. Only cervical 
reflexes seem to play a part exelusively for the movements in the 
direction of the palpebral apertures. 

As stated before, neither-in our researches in conjunetion with 
v. p. Horve, nor in those made by Bexsamıns could the influence of 
tonie labyrinih reflexes be demonstrated. It would seem, therefore, 
that when the head is moved in a horizontal plane, the compen- 
satory eye-positions in the rabbit can be evoked only by tonic 
cervical reflexes. 


B. Tonic cervical reflexes in the normal animal. 


In the above lines we have already alluded to the possibility that 
the cervical reflexes noted by Barıny with various positions of the 
head of his laboratory animals, may find an explanation in a super- 
position of tonie labyrinth-, and tonie cervical reflexes. On further 
investigation this really proved to be the case. It would be irrelevant 
to pass all these reflexes in review. One instance may serve for all: 

Barany then found that with fixed head and rotation of the trank 
on its dorso-ventral axis the following phenomena could be observed: 
when the animal is examined in normal position with the head in 
horizontal position with the lower jaw down, the left eye will move 
towards the nose in the direction of the palpebral apertures, and theright 
eye towards the ear, as soon as the trunk is turned towards the left 
eye. When the trunk is turned towards the right eye, this eye will 
move towards the nose and the left eye towards the ear. If, how- 
ever, similar movements of the trunk are performed, with the head 
and the muzzle down, rotation of the trunk towards the left eye 
will result in a movement of the left eye approximately upwards 
(i.e. vertical to the palpebral aperture) and of the right eye approx- 
imately downwards. 'The explanation is easy, as is shown by the 
diagram in Fig. 1. Fig. 1a represents the position of the left eye 
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in pure ventral position of the animal, with horizontal moüth-fissure 
and symmetrical position of the head relative to the trunk. 

Now, when the trunk is moved on its dorso-ventral axis towards 
the left eye, this eye will move in the direetion of the palpebral aperture 
towards the nose; the M. internus contracts and, as will be seen 
later on, at the same time a relaxation of the M. externus appears. 
This and a movement in the direetion of the arrow educes a new 
position illustrated in Fig. 15. Now the head is brought into another 
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Fig. 1. 


position with the muzzle vertically downwards. When the position 
of the trunk is symmetrical with the head, we find, however, quite 
another position of the eye in the orbita. The tonic Jabyrinth-reflexes 
caused the eye to perform a marked rotatory movement with the 
upper pole in a direction towards the ear. (Fig. 1c). This, however, 
has also brought about a shifting of the insertions of the Mm inter- 
.nus and externus in the orbita. Now when precisely the same move- 
ment witlı the trunk is performed as previously, again a contraction 
of the M. internus and a relaxation of the M. externus will obtain; 
the result from the movement of the eye relative to the orbita how- 
ever has become quite different. Now the eye does not move in the 
direction of the palpebral aperture (Fig. 1d), but about vertically to 
it; the left eye attains its new position by a movement anteriorly 
upwards (the right eye by one posteriorly down ward). 
As said above, also other differences in the cervical reflexes with 
different position of the head in space, observed by BARANY, could 
be accounted for by a superposition of labyrinth- and cervical reflexes. 
Since the tonie labyrinth reflexes act now in one way, now in an 
opposite way, or sometimes, as in the above example, act rather in 
conjunction with the tonie cervical reflexes, a seemingly irregular 
complex of reflexes is produced, which at first sight is difficult to 


disentangle. 
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C. Influence of severing the sensitive rools of N. cervicalis 
1 and 2 on the tonie cervical reflexes on the eyes. 


As stated heretofore, BARANY supposed his reflexes to be cervical 

reflexes, but diffieulties with regard to the technique prevented him 
from demonstrating this. These diffieulties were known also in our 
Institute. In experiments with cats and dogs previously published 
by Macnus and SToRM van LEEUWEN ’) the tonie cervical reflexes on 
the skeletal muscles were eliminated by severing the sensitive roots 
of the Nn cervicales 1, 2, and 3. This could be readily done with 
cats, but with rabbits it was extremely diffieult. It is rather easy 
to get at the roots of cervicalis 1 by splitting the membrana atlanto- 
oceipitalis. By the help of suitable focal illumination the sensitive fibers 
will be seen to run along freely, and with the aid of a hook they 
can be easily pulled through. If, as will sometimes happen, the 
operation causes hemorrhage from a vein somewhere about the 
fibers, the operation should be discontinued, as in that case there is 
no knowing whether it has been fully accomplished. The sensitive 
root of cervicalis 2 can be reached outside the spinal column; the 
section of this root is rather simple. The difficulties arise only with 
the effort to sever the sensitive root of cervicalis 3. This must be 
effected in the spinal column and in this process the hemorrhage is 
often so profuse that the animal succumbs already during the opera- 
tion. This was shown also by Mascnus and SToRM van LEEUWEN’S 
researches, in which the researchers succeeded only twice in keeping 
the animals alive after this operation. 
We did not think it proper to sacrifice again a large number of 
animals and first wished to study the cervical reflexes after severing 
the sensitive roots of cervicalis 1 and 2. The experiments were 
conducted in the following way: First bilateral extirpation of the 
labyrinth in order to completely eliminate the tonic labyrinth reflexes. 
After a few days the animals were examined closely for tonie cer- 
vical reflexes. Only of those animals that showed distinetly the tonie 
cervical reflexes on the eyes, the sensitive roots of ©. 1 and 2 were 
eut through. This was to the following effect. 

In one animal the tonie cervical reflexes had quite disappeared 
after the sensitive roots of Nn cervical. 1 and 2 had been eut through ?). 


!) R. Masnus und W. Storm v. Leeuwen. Die akuten und die dauernden Folgen 
des Ausfalles der tonischen Hals- und Labyrinthreflexe. Pflügers Arch. 159. 157. 1914. 
°) In one other animal the tonic reflexes could still be evoked in a small mea- 


sure. After section it appeared that on either side of the N cervicalis 1 a fibril 
was left behind. 
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In two animals they still existed, though very much weakened, 
Through section we ascertained the full accomplishment ofthe operation. 

From this it follows that the reflex eurve for the tonie cervical 
reflexes runs mainly through the sensitive roots of Nn. cervicalis 
1 and 2, but that in some rabbits also then. cervicalis 3 still contains 
centripetal fibers for these reflexes. 


D. The reciprocal innervation of the eye-muscles attending 
the tonic cervical reflewes. 


SHERRINGTON’S researches ') have tended to show that contraetions 
of definite eye-muscles are attended with relaxation of the antago- 
nists. BARTELS’) was able to demonstrate the same for various 
forms of nystagmus. 

The tonie eye-reflexes seemed to us just the proper object to ascertain 
this for these reflexes and to register it graphically. 

Registration of the tonie labyrinth reflexes is very diffieult, because 
the head must continually be brought into another position in space. 

Witlı tonie cervical reflexes the matter is quite different: then the 
head is firmly fixed and the movements are carried out with the 
trunks. ; 

Our procedure was as follows: tracheotomy was performed in 
ether-narcosis, the carotids were ligated, the vagi cut. Then a prepa- 
ration was made of the Mm. internus and externus of one eye, a 
thread was fastened to the muscles at the place of insertion to the 
bulbus; subsequently the muscles were severed from the bulbus. 
After this the bulbus was extirpated together with the other eye- 
museles; then the museles were separately connected by the thread 
over a pulley to a lever, which enabled us to register the contractions 
on a Kymograph. The whole arrangement, as will be seen, was like 
the one described by Barteıs. During the experiment the ether- 
narcosis was continued, or, what was more satisfactory, it was stopped 
after ihe two cerebrum-hemispheres had been removed (thalamus- 
animal after Maanus). 

The graphical representation of such an experiment with a thala- 
mus-animal is seen in Fig. 2. The upper line registers the con- 
tractions of the M. rectus int.; the lower line of the M. rectus ext. 
of the left eye. 

1. We started from: Animal in ventral position, mouth-fissure 


1) SpeRrRIngTon. Proceedings Royal Society 53, 407. 
3) Barteıs. Graefe’s Archiv. Mitteilung I—IV. 76, 77, 78 and 80. 
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horizontal, trunk symmetrical to the head (Normal position in the 
curve). 


Left eye 
Pocch 72 
K: 7 
Mermale ana Wendm es | normale stomdr 0 
normal Trunk turned Be {runk turned m 
position = normal position io OD normal position 


Fig. 2. 


2. After this the trunk was moved as far as possible about its 
dorso-ventral axis, towards tlıe left eye (trunk turned to O.S.). Here 
a distinet contraction of the M. internus and a distincet relaxation 
of the M. externus is noticeable. These new contractions persist as 
long as the trunk is kept in its new position. 

3. Trunk back again in its normal position. This causes a relax- 
ation of the M. internus and a contraction of the M. externus. 

4. Turning of the trunk on a dorso-ventral axis as far as possible 
towards the right eye (Trunk turned to D.O.). Here we observe a 
fresh relaxation of the M. internus and a contraction of the M. 
externus. Here also the tonic nature of the reflex is again distinetly 
noticeable. 

5. Trunk again in normal position; contraction of the M. internus 
and relaxation of the M. externus, so that the muscles are again in 
the state of contraction of the commencement of the experiment. 

About five similar experiments were carried out, with invariably | 
the same result. Sometimes the contraction of the museles was more 
visible than the relaxation. At other times the reverse. Sometimes 
both were equally distinet as in the experiment described. In one 
case only the relaxatien of both muscles could be distinetly made 
out. This of course depends upon the degree of tonicity of the muscles 
at the beginning of the experiment. 

From this we may, therefore, conclude that a reciprocal inner- 
vation of the eye-muscles can also be established for the tonie cervical 
reflexes, but likewise that the Zonic nature of the cervical reflexes 
described above, is demonstrable through registration of the contrac- 
tions of antagonistic eye-muscles. 
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1Il. Combination of labyrinth- and cervical reflexes. 


When discussing the tonie labyrinth- and cervical reflexes sepa- 
rately we saw in both cases that when the head is brought from 
one position into another, the eyes make an effort to retain their 
position ın space. 

It also appeared that this. could neither be attained by the tonie 
labyrinth reflexes nor by the cervical reflexes, much less-even by 
the latter than by the former. 

Now the question arises what a combination of labyrinth-, and 
cervical reflexes can bring about. Quantitative results in this research 
will be best afforded by eye-positions oceurring when in a vertical 
plane the head is brought into different positions relative to the 
trunk (i.e. by raising and lowering the head). 

As said above, with a fixed trunk the tonie labyrinth reflexes 
can be examined alone by fixing the head also and by bringing the 
whole animal (so the head also) into different positions in space, in 
which process tonie cervical reflexes are precluded in consequence 
of the fixed position of the head relative to the trunk throughout 
the experiment. By changing the positions of the head relative to 
the trunk also tonie cervical reflexes can be examined separately, 
but then only with animals in which through previous bilateral 
extirpation of the labyrintlıs tonie labyrinth reflexes have been 
eliminated. 

When, bowever, of normal animals the head is brought into 
different positions relative to the trunk, we shall observe tonie laby- 
rinth reflexes because the position of the head in space changes, 
as well as tonie cervical reflexes, because the position of the head 
relative to the trunk is changed. 

This is shown in Fig. 3. 

After cocainization a cross is burned into the cornea. A little 
window is placed before the eye, as in our experiments on tonie 
labyrinth reflexes in conjunction with v. p. Horve. The rotatory 
movements can be established directly by taking a photograph of 
the eye with the window before it. 

In the curve 1 mm = 1? rotation. 

Fig. 3. The full line indicates the rotatory movements at the 
raising and the lowering of the head. 

The dotted line indicates the rotatory movements for the tonie 
labyrinth reflexes alone, determined in the way previously described 
with v. vo. Horve. The hatched field shows the rotations for which 
the cervical reflexes alone are responsible. 
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Afterwards ıhe sensitive roots of the Nn. cervicalis 1 and 2 were 
severed on both sides. 
Head vertically upwards. Head vertically upwards. 
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Head vertically downwards Head vertically downwards. 
Fig. 3. 

Fig. 35 shows that at the raising and the lowering of the head 
the rotations are approximately equal to those determined for the 
labyrinth reflexes alone. The hatched part of the curve (cervical 
reflexes), however, has not completely disappeared, so that also with 
this animal the Nn cerv. 3 still play a very weak part in the 
cervical reflexes. 

Let us look at Fig. 3a more closely: 

Commencement of the experiment: 0°: animal in ventral position, 
mouth fissure horizontal. Lowering of the head: 

10° lowering of the head; rotation 10° 
20° s Sn ee 
70° Rn 5 Ta 3.007208 

We see from this that when the head is lowered down to 70° below 
the horizontal, the position of the eye in space remains absolutely 
constant, the eye performs a rotation (with the upper pole in the 
direction of the ear) of as many degrees as the head is lowered 
under the horizontal. 

Raising of the head: 

10° raising; rotation 10° 
20° FF % 15° ete. 
60° 5 4 37° 
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From this we see that when the head is raised only 10° above 
the horizontal, the position of the eye in space remains constant. 
Then the eye deviates. 

With a view to the diffieulties attending photographing the lowering 
and the raising of the head were carried out respectively only 70° 
below and 60° above the horizontal. 

In five other experiments the head was lowered to 90° and raised 
to 80° and the rotatory movements were determined by the naked 
eye with the aid of a protractor. 

Our constant ewperience was now that the eye persists in its position 
in space when the head is lowered 90° under the horizontal and when 
it is raised 10° above the horizontal. 

Now if we consider that in a normal posture of the rabbit, the 
head is bent down about 35°, it will be seen that, in daily life, the 
animal can bring the attitude of his head from this position in the 
vertical plane between the rather wide limits (downwards about 55° 
and upwards about 45°, into every other position, without any 
alteration in the eye-position in space, consequently also without 
any alteration of its field of vision. 

This fact has also received - Barany’s!) attention. He burned a line 
into the cornea and noted with the naked eye the position of this 
line when the head was moved in a vertical plane. He believes the 
reflexes to be exclusively labyrinth reflexes. Literally he says: “Ich 
bemerke, das während dieser ganzen Bewegungen des Kopfes die 
Stellung des Körpers unverändert horizontal belassen wurde. Das 
Tier ist also mit dem Körper festgehalten, der Kopf aber wird frei 
nach unten und oben bewegt. Wie wir später hören werden, haben 
Veränderungen der Körperstellung eine Veränderung der Augen- 
stellung zu Folge”. 

Further on a description is given of the movements, in which 
also the “Körperstellung” is changed and the cervical reflexes, found 
by BaranY and alluded to above, are discussed. 

This view of BaranY rests upon an error. The gist of the matter 
is not whether the “Körperstellung” remains constant, but whether 
the posture of the body relative to the head remains the same. So 
if the head of an animal is inelined to the front, cervical reflexes 
are sure to ensue even when the trunk is fixed completely. This, 
indeed, is easy to demonstrate, as we said before, by performing 
the same movement of the head of rabbits without a labyrinth. 


I Se Baker. Nordisk Tidskrift för Oto-Rhino-Laryngologi. Bd. Il. N, 4. 1917, 
p- 477. 
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The constancy of the field of vision with different positions of the 
head is owing to tonie labyrinth-, and cervical reflewes combined and 
not to tonic labyrinth-rejleves alone. 

When the head is turned on the oceipito-nasal axis, such combi- 
nations of labyrinth-, and cervical reflexes will occur, whereas on 
turning the head from the normal position on the dorso-ventral axis 
only cervical reflexes appear. 


SUMMARY. 


1. In the rabbit the state of the tonus of the eye-museles appears 
to depend on the position of the head; the same has previously 
been demonstrated for the skeletal muscles by WEILAND. 

%. The reflexes which control this tonieity can be divided into 
two ‚groups: tonie labyrinth reflexes and tonie cervical reflexes. 

3. The tonie labyrinth reflexes can be examined separately by 
bringing the head into various positions in space; it is required 
that, throughout the experiment, the position of the head relative 
to the trunk does not change. 

4. The fixed laws governing the -tonie labyrinth reflexes, were 

published formerly in Pfüger’s Archiv. (v. od. Hozvs and De Krern, 
Dr Kıeyn and Macnus). 
5. The cervical reflexes can be examined separately by bringing 
the trunk into various positions relative to the head or conversely 
the head into various positions relative to the trunk. This experiment 
can only be carried out with animals with both labyrinths extirpated, 
so tbat tonie labyrinth reflexes are precluded. 

6. For the isolated cervical reflexes the following conelusions were 
arrived at: | 

a. To every position of the trunk relative to the head belongs 
a special position of the eyes in the orbita. 

b. In the case of rotations of the trunk about various axes the 
eyes reach their new position in the orbita through various move- 
ments, namely: 

a. through rolling movements when the trunk is turned on its 
frontal axis. Movements of the trunk towards the skull will make 
the eyes roll with the upper pole towards the nose; movement of 
the trunk towards the lower jaw will make the eyes roll with the 
upper pole towards the ear. 

ß. When the trunk is turned on its long axis, through vertical 
movements, in which process the eye towards which the back of 
the animal is turned goes downwards, the other goes upwards. 
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y. When the trunk is turned on its dorso-ventral axis, through 
movements in the direction of the palpebral aperture, in which 
process the eye towards which the trunk is turned moves towards 
the nose, the other eye towards the ear. 

These compensatory eye-positions in the direetion of the palbebral 
aperture could be shown only for the cervical reflexes and not for 
the labyrinth reflexes. 

7. The fact discovered by Barany in 1907 that in normal rabbits 
the eye-positions, occeurring with a change of the position of the 
trunk relative to the head, vary with the position of the trunk in 
space may be ascribed to a superposition of tonie labyrinth-, and 
cervical reflexes appearing in BARAnY’S experiments. 

8. In some rabbits the centripetal fibers for the reflex arch of the 
tonie cervical reflexes pass only through the sensitive roots of the 
Nn. cervicalis 1 and 2. In others also the sensitive roots of the 
Nn. cervicalis 3 exert some influence. 

9. With tonie cervical reflexes the eye-muscles are affected by a 
reciprocal innervation. This was observed for the M. Rectus internus 
and externus, when the trunk was turned on its dorso-ventral axis 
with the head fixed. Also the purely tonic character of the cervical 
reflexes is distinetly demonstrable here. | 

10. It holds in general for the tonie labyrinth-, as well as for 
the tonie cervical reflexes that, when the position of the head relative 
to the trunk is changed, the eyes perform such movements in order 
to attain their new position in the orbita that they try, as it were, to 
retain their position in space. However this position is not attained 
either by the tonie labyrinth or by the tonie cervical reflexes alone. 

The effect of the combinations of the two kinds of reflexes, however, 
is that the rabbit can bring its head from its normal position (head 
lowered about 35° under tlıe horizontal) into every position by raising 
or lowering its head within wide limits. This it can do without 
change of the position of its eyes in space, eonsequently without any 
alteration of the field of vision. 2 


Pharmacological Institute of the Utrecht University. 


Physics. — “The General Relativity Theory and the Solar Spectrum”. 
By Prof. W. H. Junius and Dr. P. H. van CiTTerrt. 


(Communicated at the meeting of May 29, 1920). 


Of the three erueial inferences drawn by Einstein from the general 
relativity theory, which should make it possible to deeide whether 
that theory conforms more closely than the old ideas to the results 
of most subtile observation, two seem to have stood the test success- 
fully. As to the third deduction — a systematic displacement of the 
Fraunhofer lines towards the red — evidence is still wanfing. 

This uncertainty is not due to the smallness of the expected efiect. 
Displacements of Fraunhofer lines with respect to the corresponding 
lines in the spectra of terrestrial sources have been measured in 
abundance; they are similar in magnitude to the “gravitational shift’ 
required by the relativity theory, the latter shift averaging ten times 


the unity (0,001 Ä) in which the measured displacements are gene- 
rally expressed. But the simple law which, according to the theory, 
should connect displacements with wave-lengths, does decidedly not 
show itself in the direct results of observation; the difficulty, indeed, 
lies in the fact that several other causes (such as motion in the line 
of sight, pressure, anomalous dispersion) may co-operate, each capable 
of produeing displacements of the same order of magnitude. 

One should, therefore, attempt to group and analyze the obser- 
vational data in such a way, that all influences except the EınstEin 
effect are eliminated or accounted for. This can be done, at least up 
to a certain point, because the said causes of displacement act 
according to different laws. 

Attempts have already been made to exclude the effect of pressure. 
SCHWARZSCHILD'), EversHeEDp and Rorps®), St. Jomn®), GREBE and 
BacHem ‘) selected for the investigation lines of which it wasknown 
that, in the laboratory, they did not show any appreeiable pressure 
effect. The results obtained by these observers do not agree. Accord- 


!) K. SCHWARZSCHILD, Berl. Ber. 1914, S. 1201. 

?) EvERSHED and Royps, Kodaikanal Bull. 39, 1914. 

3) St. JoHn, Astroph. Journ. 46, 246, (1917); Mt. Wilson Contrib. NO, 138. 

“) GREBE and BAcHEM, Verh. d. D. Phys. Ges. 21, 454 (1919); Zeitschr. f. 
Physik. 1, 51 (1920). 
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ing to Sr. JoHn the observed displacements tell against the exist- 
ence of the Einstein effect, whereas GrksBE and BacHEM conelude 
from their observations that the gravitational shift is in evidence 
both as regards direction and magnitude. The effect of radial motion 
has been taken into account in these investigalions. 

None of the above observers has, however, considered the possibility 
that anomalous dispersion might influence the position of the lines. 

The objeet of the present investigation is to approach the problem 
from the point of view that Fraunhofer lines are in the main 
dispersion lines'). 

It is realized that this interpretation of the solar specetrum differs 
profoundly from the eurrent notion that one is dealing with a mere 
absorption spectrum ; we are, therefore, justified in accepting it only 
if there are convincing reasons for so doing. 

One of these is for instance the fact that the said interpretation 
enables us to establish, without introdueing additional hypotheses, 
a comprehensive system of explanations of a great variety of solar 
phenomena which, when explained on the basis of the ordinary 
supposition as to the nature of Fraunhofer lines, lead to several 
diffieulties and unsatisfactory conceptions. 

The strongest support, however, for the new interpretation of the 
spectrum is found in certain general properties of the Fraunhofer 
lines, which are readily deduced from the supposition that the lines 
are in the main dispersion lines, but of which, from other points 
of view, no explanation whatever has as yet been offered. Such 
properties are: 

1. The general displacements of the Fraunhofer lines towards 
the red are very different in magnitude (ranging indeed from 
—+ 0,020 Ä to — 0,007 A), even when comparing lines of one and 
the same element, and bear no relation to the displacements by 
pressure as observed in the laboratory. (Of. especially the publications 
by EversHeD and his collaborators, of the Kodaikanal Observatory). 


1) Attention has first been called to the existence of .dispersion bands and 
dispersion lines by one of us in 1904: Proc. Acad. Amsterdam VII, 134, 140, 
323; Astroph. Journ. 21, 271, 278, 286 (1905). Further investigations on {his 
ee type of spectral lines are to be found a.o. in these Proc. IX, 843 (1906); 
XII, 266 (1909); XIII, 2 (1910); Le Radium 7 (Oct. 1910); these Proc. XII, 
881, 1263 (1911); The Observatory 87, 252 (1914); Astroph. Journ.-20, 1 (1914); 
48, 43 (1916); Arch. neerl. Serie Il A, tome IV, 51, 150 (1917); tome V, 
116 (1918). 

Of. also the inaugural dissertations by Dr. B. J. van per Praars (Utrecht, Lolz, 
also published in Arch. neerl. serie III A, tome V, 132) and by. Dr. P. H. van 
CITTERT (Utrecht, 1919). 


524 


9. When the lines are "elassified according to intensity, then, 
within‘ each intensity: elass, the amounts of displacement are still 
widely different from line to line; but if for each intensity elass 
the mean displacement is taken, those mean values appear to depend 
on intensity according to a peculiar law, predieted on the basis of 
the dispersion theory (these Proc. XIII, 10 (1910); Arch. neerl. III A, 
tome IV, p. 59, 1917). | 

3. The amount of displacement of a Fraunhofer line depends on 
the presence of elosely neighbouring lines. A companion on the red 
side reduces, a companion on the violet side augments the displace- 
ment of a line towards the red, as if the components of close pairs 
of lines repel each other. A 

The way in which these three characteristie properties of the 
displacements of Fraunhofer lines may be deduced from the theory 
of dispersion lines, has been indicated by one of us in some of the 
above-mentioned publications (The Observatory 37, 252; Astroph. 
Journ. 40, 1; 43, 43; Arch. neerl. III A, tome V, 116). 

Recently we have once more rigorously inquired into the third 
point, because it supplies what is probably the most convineing test 
as to the correetness or otherwise of our interpretation of the solar 
Spectrum. 


Fresh evidence in favour of the view that the distribution of the _ 
light. in Fraunhofer lines is governed by anomalous dispersion: 


The aässertion that neighbouring Fraunhofer lines might, by ano- 
malous dispersion, influence each other to an appreciable degree has 
been strongly opposed by Evkrsurp, LarMor, and St. Jomn. The 
latter says a.o. “While anomalous refraction may produce sporadie 
effects under occasionally favourable density gradients in the solar 
atmosphere, the conelusion from investigations and observations at 
this observatory is that, within the present limit of precision of 
measurement, the positions of the Fraunhofer lines in the spectrum 
of the. solar disk are not systematically affected by anomalous 
dispersion.’’ ') 20 in Minen, 

We are able to prove, on the contrary, that from certain obser- 
vations made on Mount Wilson with excellent apparatus, much 
experience, great care, and perfect impartiality, the existence of the 
mutual ‘influence in question may be derived with a probability of 
about 500 to 1. 


4) GH. E. Sr. Joun, Astroph. Journ. 46, 250 (1917); Mt. Wilson Gonkrik 
N’, 138, p. 2. 
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The complete data on which this conelusion is based will be 
published shortly. At present we only give a summary of the in- 
vestigation, because the result tends to show the necessity of admit- 
ting, when looking for evidence as to the Emstrin effect, that in.the 
solar speetrum we are substantially dealing with dispersion lines. 

Adequate material for inquiring into the possible influence of 
neighbouring lines is to be found in W. S. Anams’ measuremenis 
of the displacements of 467 lines in the spectrum of the sun’s limb 
as compared with the spectrum of the centre of the disk.') But for 
two or three exceptions these lines are, in the limb spectrum, shifted 
towards the red with respect to their positions in the centre spectrum. 
That in this phenomenon gravitation potential should play any 
perceptible part, is of course excluded. EversurD has convincingly 
shown that these displacements can neither be due to pressure, 
wliilst his alternative explanation based on the Doppler prineiple, 
requiring a specific repulsive force exerted- by the earth on the solar 
gases’), appears inacceptable. There is, therefore, sufficient cause to 
seek another explanation of this class of line-shifts. We connect 
these displacements with our hypothesis that Fraunhofer lines are 
in the main dispersion bands, which, indeed, envelop the real ab- 
sorption lines (which are extremely narrow) in a generally asym- 
metrical way. 

If this interpretation is correct, the above mutual influence of 
neighbouring lines must appear, for the shape of the dispersion curve 
in the environment of an absorption line is modified by the presence 
of another absorption line. How that modification must influence 
the degree of asymmetry of the dispersion line has been explained 
in Astrophysical Journal 43, 50—53 (1916). 

In order to select from Anams’ list those lines for which, from 
the point of view of the dispersion theory, an excess or a deficiency 
of displacement towards the red is to be expected, we proceed as 
follows. n 

The columns A and A’ of his table are covered with strips of 
paper, so that the choice cannot be influenced by a knowledge of 
the observed displacements; then the environing region of each line 
of the table is inspected on the atlases of Rowıannp and Hıses, in 
order to ascertain whether the line may be presumed to have an 
“effective” companion. Cases in wbich on either side of the line a 
nearly equally effective companion is suspected, are of course omitted, 
as the opposite influences would neutralize each other wholly or for 


") w: S. Avaus, Astroph. Journ. 31, 30 (1910); Mt. Wilson Contrib. N. 43. 
2) Eversnen, Kodaikanal Bull. 39. 


34 
Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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the greater part. Wave-lengths and intensities of the influencing lines 
are taken from Rowranp’s tables. 

As “effective” we entered a line of intensity ? (Rowland scale) if 
its distance from the line under examination was d or less, corre- 
sponding values of i and d being: ') 


————————— 


i. d. 

RE N ARE 
0 and I 0.1 Ä 
DS 0.2 

5, 6, 7, 8 0.3 
9 and heigher 0.4 


In a few dubious cases the general aspect of a group of lines had 
to be taken into account in judging whether a certain line could 
reasonably be expected, from the point of view of the dispersion 
theory, to undergo onesided influence by its companions. Differences 
of opinion on such cases will always be possible; but every effort 
has been made to apply the test with the utmost care. For that 
purpose three observers have selected the lines, first independently, 
then after discussion in common. 

We found 26 lines having the effective companion on the red side, 
and 24 lines having it on the violet side. 

The diagram shows the result. We have first plotted, for succes- 
sive intervals of 100 A, ‘the mean values of all limb-eentre displace- 
ments measured by Apans; they lie on the zigzag line. The small 
crosses indicate the means for intervals of 300 A»). The intermediate 
curve R gives the progressing of the mean limb-centre displacement 
with wave-length °). Finally the displacements of the 50 influenced 
lines were separately entered. The small circles refer to lines with 
companion on the red side, the full dots to lines with companion 
on the violet side. 


!) There is, of course, something arbitrary in this assumption; by altering a 
little the corresponding values of i and d the numerical results will also be slightly 
modified; but we have ascertained that the validity of the inference is not thereby 
affected. 

2) In drawing up the means we have omitted the 17 lines whose intensity is 
greater than 10, as such lines show abnormally small displacements owing to a 
cause which the dispersion theory reveals at once. 

3) An explanation of the anomaly occurring in this curve between A 5200 and 
?* 6000 has been proposed by one of us (Cf. P. H. van CITTERT, inaugural 
dissertation p. 54, Utrecht 1919). 
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It is apparent at a glance that the eirelets lie for the greater part 
below, the full dots above ihe curve R of the mean displacements. 


4000 4500 5000 5500 6000 


o 
R mean limb-centre displacements (Adams), 
o lines with companion on the red side, 
e lines with companion on the violet side, 
C mean centre-arc displacements (different observers), 
G gravitational displacement according to the general relativity theory. 


The average departure from the ceurve is — 0,0017 A for the 26 
eirelets, + 0,0015 A for the 24 dots. 

Small as these departures are, yet they are most significant. 

To prove this we shall caleulate what would have been the pro- 
bability of finding mean departures of this order of magnitude, if no 
systematie influence were at work. 

The 50 selected cases gave 21 points Iying above, 29 points lying 
beneath the curve A of the general mean displacements. The sum 
of their positive departures was +4 0,0472, that of their negative 
departures —0,0547; so the group, as a whole, gave a sum of 
— 0,0075 Ä, which involves that, on the average, the group lay 
n. — 0,00015 A beneath the curve R of the general means 
for the 450 lines. 


Taking the sum of all 50 departures (irrespective of signs) which 
34* 
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the displacements of the selected lines show with regard to their 
own. mean: ; 

0,0472 + (21 X 0,00015) + 0,0547 — (29 X 0,00015) = 0,1007 A, 
it. appears, that the average departure from that mean” was 
0,1007 0 

0 =ZOIIER: 

Suppose we made a non systematic, absolutely arbitrary choice 
of 26 cases out of our gronp, then the average departure of their 
arithmetic mean from the mean of the group would only be 


0,002 o 
ya ——m— +0,0004 A 


v26—I 
to which corresponds a probable departure: 
r = 0,8453 n = 0,00034 A. 

Our real selection, however, was not at random; we took 26 
lines with eompanion on the red side, and found an average depar- 
ture — (0,0017 — 0,00015) — — 0,00155 A; moreover 24 lines with 
companion on the violet side, giving an average departure + 0,0015 
+ 0,00015 = + 0,00165 A. 

In both cases the departures from the mean of the group are 
about 4,6 times as great as the probable departure r (in case of 
random choice) would have been. 

Now the probability for a departure to lie between — 4,6 r and 
+4,6r is given by 


4,6p 


2 
ur il: dt (in which e = hr = 0,477), 
0 


the value of this integral being 0,998'). So there is only 0,002 left 
for the probability that, by mere chance, the mean departure of 25 
values from the general mean should exceed those limits. 

On the basis of Anams’ measurements we find, therefore, a pro- 
bability of 500 to 1 that there really exists a mutual influence of 
Fraunhofer lines. An analogous treatment applied to the limb-centre 
displacements measured by Evursuep and Royps’) has yielded a 
similar result, which will be published later. ®) 

It is necessary, however, also to eonsider how far this mutual 
influence may be due to systematic errors in the way we estimate 
the place of a line when there is another line very near. 

') CHAUVENET, Spherical and practical astronomy, Vol. II, Table IX A. 

2) Eversuep and Royos, Kodaikanal Bull. 39. 


°) A subsequent perusal and combination of all the data at our disposal has 
brought the probability of non-existence of mutual influence down to 10-6 (Note 
added in Dec. 1920). 
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One should be mindful both of objective and subjective errors in 
this connection. 

Let us imagine two lines, bright in the negative (dark in tlıe 
original speetrum), which, if standing isolated, would each of ihem 
show symmetrical distribution of the light, but which are in fact 
situated so near one another that they partially overlap; then the 
maxima of intensity- will (asan odjective effect) be at a smaller distance 
from each other. than the real centres of the lines. This would become 
obvious when the intensity in the system is recorded by means of the 
micro-photometer, supposing the real distance of the cores of the 
lines to be known. 

On the other hand one would be inclined to over-estimate the 
distance between the maxima owing to the contrasts being weakened 
in the intervening space. This is a subjective effect. | 

It is not easy to presume which of these two opposite influences 
predominates'). As this isa problem of high importance whenever the 
exact distance between the components of close double lines has to 
be determined, it is at present being made a subject of special 
inquiry in the Utrecht physical laboratory. 

But whatever may be the result of that investigation, it can easily 
be shown that the mutual influence revealing itself in the above 
mentioned observations published by Anams and EversHeD and Rovps, 
is almost independent of the errors of estimation here considered, 
and that the phenomenon cannot therefore be ascribed to such errors. 

Indeed, let us suppose that in the spectrum of the sun’s centre 
the exaggeration of the distance between the components of a certain 
pair of lines be due to an error of estimation. 

The distance be e.g. 0,3 Ä, the apparent exaggeration caused by 
this nearness 0,003 Ä. 

Let us next consider the same pair in the spectrum of the sun’s 
limb. There both eomponents are perhaps slightly shifted with respect 
to their positions in the centre speetrum ; but their distance can 
scarcely be altered thereby more than, say, 1°/, of its original value 
of 0,3 x Consequently the influence which the proximity of the 


1) Sr. JoHn considers the latter influence the most important, and supposes it 
to be the prineipal cause of the fact that in RowLanp’s wave-length tables the 
distances between the components of narrow pairs of lines are greater than they 
should be according to measurements made on Mi. Wilson. He therefore calls the 
differences “systematic errors” in RowLan’s wave-lengtlı determinations (Astroph. 
Journ. 44, 16 and 265 (1916); Mt. Wilson Contrib. N’. 120 and 123). This opinion 
was contested by one of us in a communication to the Amst. Akad. 25, 1245 
(1917). Cf. also: Archives neerland. IIl A, Tome V, 122—126 (1918). 
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lines may have on the estimation of their distance must be practically 
identical in the two spectra: the exaggeralion of the distance in the 
limb spectrum would also be 0,003 A. A mutual influence depending 
on errors of estimation will not appear in the limb-centre differences. 
The well-established fact that neighbouring lines are nevertheless 
more distant in the spectrum of the limb than in the speetrum of 
the centre must therefore be a real phenomenon. 

The only way to explain this mutual repulsion of neighbouring 
lines seems to be the one indicated by the dispersion theory owing 
to which, moreover, the phenomenon was discovered. A powerful 
support is thus given to our contention that Fraunhofer lines have 
indeed to be considered as dispersion lines, enveloping the (much 
weaker and narrower) real absorption lines in a generally asym- 
metrical way. 


The observational data as yet avanlable contradiet the inference that 
Ihe Fraunhofer lines should be displaced by gravitation. 


We shall now refer to the displacements of Fraunhofer lines in 
the spectrum of the central parts of the solar disk with respect to 
the corresponding lines in terrestrial arc spectra. 

The laws of these displacements are less easily derived from direct 
observations than those of the limb-centre displacements, because in 
many. cases the wave-lengtlis of the arc lines have not yet been 
determined with sufficient preeision. It has however been established 
beyond doubt that here again the same peculiarities appear: great 
variety in magnitude of the displacements; dependence on line-inten- 
sity; mutual influeneing of the neighbouring lines‘). This agrees 
with the conception of Fraunhofer lines as dispersion lines; indeed, 
also the radiation coming from the centre of the disk has been 
weakened by anomalous dispersion on its way through thick layers 
of gas, and therefore shows dispersion lines in its spectrum. As a 
rule these dispersion lines will cover the cores of the lines asym- 
metrically. (The positions of the cores are determined by the solar 
values of their proper frequencies). 

As the radiation from the centre of the disk has in general travelled 
along shorter patlıs through the refracting and scattering gaseous 


!) ALBRECHT, Astroph. Journ. 41, 333 (95); 44, 1 (1916). Royps, who 
challenges ALBRECHT’s conclusions, yet finds himself that 17 lines with companion 
on the red side give a mean sun-arc displacement towards the red of only 0,0032 A, 
whereas 30 lines with a violet companion give a displacement towards the red 
of 0,0079 A. (Kodaikanal Bull. 48). 
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layers than has the light from the limb, the asymmetry of the centre 
lines is smaller, as a rule, than the asymmetry of the limb lines; 
the difference manifests itself in the limb-eentre displacements. 

Which are the greater displacements, those of the limb lines with 
respect to the centre lines, or those of the centre lines with respect 
to the positions of the solar proper frequencies? 

Supposing the solar and terrestrial frequencies to be identical 
(absence of Einstein effect), and exactly given by the positions of the 
arc lines, the simple comparison of the average limb-centre displa- 
cements with the average centre-are displacements would teach us 
that there is not much difference in magnitude between the said 
two categories of displacements. The second one gives a somewhat 
smaller mean, as will be shown further on. The great inequality of 
the displacements of different lines is also similar in both cases, and 
points to a common origin and nature of the two phenomena !), 
Moreover, various considerations regarding the constitulion of the 
outer layers of the sun lend support to the inference, that the light 
from the central parts of the disk has had on the average not quite 
half as much opportunity to be refracted and scattered, as has the 
light coming towards us from the marginal parts. 

The deductions from the dispersion theory are therefore quite in 
harmony with the observed displacements towards the red (both 
limb-centre and centre-are shifts), if the terrestrial are lines really 
give us with great approximation the solar values of the proper 
frequencies. 

The following table contains a summary of the observational 
material we have used. The sun-are displacements given in the 
tables of Gress and BacHkm (Verh. d. D. Phys. Ges. 21, 454, 1919), 
Eversaep (Kodaikanal Bull. 36), Korps (Kod. Bull. 38), EvershsD 
and Rorps (Kod. Bull. 39), 446 values in all, most of which are 
means derived from several observations, have been divided by us 
into three groups according to wave-length, and for each group 
(covering 800 A) the mean value d of the displacement has been taken. 

These three values of d are indiecated by ceross-blocks in the 
diagram on page 527. The intermediate block-line C shows the 
general progression of the sun-are displacements with wave-length ; 
it remains below the curve A of the limb-centre displacements, as 


already remarked. 


"1 should be kept in mind 1. that with regard to the second category of 
observed displacements the uncertainty about the positions of many arc lines cannot 
be overlooked, and 2. that, according to the dispersion theory, a simple propor- 
tionality of the two categories is not to be expected. - 
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A Number of lines. | R) & 
| | 
3650—4450 | R 3 
[; 287 ' 0.0050 A 0.0081 A 
mean 4050 | | 
4450—5250 | | | 
n. 118 ' 0.0042 ' 0.0097 
mean 4850 | 
| 
5250--6050 | | 
II. 41 0.0065 0.0113 
mean 5650 | 


The foregoing should give the answer to the question whether the 
existence of a gravitational displacement as required by the general 
relativity theory is compatible with the observations. The numerical 
values deduced from that theory are indicated by d’ in the table 
and by the double line @ in the diagram. 

The ordinates of (@ refer to displacements of the cores of the 
solar lines with respect to the terrestrial lines. Taking into account 
that the observed Fraunhofer lines are dispersion lines, and, therefore, 
are generally displaced towards the red with respect to their cores, 
we see that, if the Einstein effeet did exist, the total displacements 
of the Fraunhofer lines with respect to the terrestrial lines would 
group themselves around mean values ranging from 0,008 + 0,004 — 
0,012 Ä at 2 4000 to 0,012 + 0,006 — 0,018 Ä at 2 6000 (as shown 
by the broken line at the top of the diagram). 


These theoretical mean values average 0,010 Ä higher than those 


actually observed — a difference far too great to be attributed to 
accidental errors. 
It is of course possible — although not probable — that there 


exists an as yet entirely unknown cause of general displacement of 
Fraunhofer lines towards the violet, exactly balancing the gravitational 
displacement. One should also keep in mind the possibility that the 
arc lines have failed as yet to make the terrestrial frequencies 
known with sufficient precision, and may prove to be systematically 
displaced towards the red by so much as 0,010 A. 

On the basis of our present knowledge, however, we are forced 
to conclude that the gravitational displacement does not exist. 


We feel greatly obliged to Dr. M. Mınnankt and MissC. E. BLEEKER 
for their active collaboration in analyzing the data at our disposal. 


Utrecht, May 1920. - Heliophysical Observatory. 


Physiology. — “On Fibrillation of the Heart.” (Part II). “Ven- 
trieular Fibrillation and “Gehäufte” Extrasystoles of the Ven- 
tricle excited by the “Erregung” consequent on an Artifieial 
Auricular ‚Systole”” By Dr. S. ps Bosr. (Communicated by 
Prof. WERTHEIM SALOMONSON.) 


(Communicated at the meeting of April 23, 1920). 


II. 


In the first Part I have described experiments- with the bled frog’s 
heart in which ventricular fibrillation was excited through the ad- 
ministration of a single inductionshock to the ventriele directly after 
the conclusion of the refractory stage. 

I have observed since, that a direct induction shock is unnecessary, 
as fibrillation occurs also when exeitalion affects the ventricle directly 
after the conclusion of the refractory stage. We can carry this into . 
effect by administering an induction shock to the auricles of the 
bled frog’s heart at the beginning of their exeitable period. After 
the auricular extrasystole thus exeited, the exeitation proceeds along 
the atrio-ventrieular paths to the ventriele. This excitation can reach 
the ventricle directly after the close of the refractory stage, only 
when the shock is administered to the auricle as soon as possible. 
This is instanced by the following experiment. In fig. 1 the suspen- 
sion ceurves of the ventriecle (V) and the auricles (A) of a frog’s 
heart are illustrated, 15 minutes after the bleeding. Between the 
curves of 1a and 15 two heart-periods have fallen out. At the 
deflection of the signal in fig. 1a the auricles received an induction- 
shock, a short time after the conelusion of the refractory stage. 
Hereby an extrasystole of the auricles was generated. The exeitation 
then reaches the ventrieles at the end of the diastole (i.e. at a moment 
when the refractory stage of the ventricle has been concluded for 
some time), so that a premature ventricular systole is the consequence. 
Subsequently the auricles and the ventriele resume the ordinary 
rhythm. 

In fig. 15, on the contrary, the auricles were stimulated at 1. in 
the beginning of the exeitable period, by which an extrasystole of 
the auricles is engendered. After this the exeitation reaches the 
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ventriele already in the middle of the diastole, i.e. directly after 
the conelusion of the refractory stage. Instead of a premature ven- 
trieular systole, an irregular fibrillation of this chamber ensues, 
which is followed by a short post-undulatory pause. During this 


DE ERNST ISE 
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Big], 
fibrillation the auricles maintain their regular pulsation: after the 
extrasystole of the auricles followed the ordinary compensatory pause 
and subsequently the auricles resumed their regular beat '). 

At 2 the auricles are again stimulated at the beginning of the 
excitable period. After this extrasystole of the aurieles the ventriele 
readily resumes fibrillation after the conelusion of the a—v-interval. 

In this experiment the relations are much more intricate than in 
the experiments of the first ‘paper, in which the ventriele was stimu- 
lated directly after the eonclusion of the refractory stage, after which 
ventrieular fibrillation ensued. After some trials I readily: found this 
point and fibrillation could easily be excited. In the experiments we 
are describing now, this is not done so easily, which is readily un- 
derstood. 

First we have to fix the moment, when the refractory stage of 
the auricles terminates. But, this done, the success of the experiment 
depends on two more factors, viz: 

1 on the rate at which the excitation proceeds from the stimu- 
lated spot to the ventriele. 

!) The auricular curves have diminished during the ventricular fibrillation. This 
is on account of the altered mechanic relations of the registration consequent on 
the fibrillations of the ventricle. 
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2 on the duration of the refractory stage of the ventriele. 

Only when these relations are such that the exeitation reaches 
the ventriele directly after the conelusion of the refractory stage, 
will the ventricle begin to fibrillate. 

Usually the exeitation reaches the ventriele after an aurieular 
extrasystole too late for a ventrieular fibrillation. To make the 
experiment succeed better one might lengthen the refractory stage 
by poisons (digitalis, veratrin, ete.), through which the exeitation 
might reach the ventricle after an auricular extrasystole more 
direetly after conelusion of the refractory stage. However, as ap- 
peared from my first communication, it is just after digitalis poisoning 
that the lengthening of the refractory stage hinders the prolongation 
of fibrillation. 

We, therefore, abandon this artifice. I have now succeeded in 
modifying the relations in the non-poisoned bled frog’s heart in such 
a way that the experiment succeeds betier. It is well known that 
the duration of the post-compensatory systole is longer than that of 
the periodie systoles. This longer duration coineides with a longer 
duration of the refractory stage, so that when in the commence- 
ment of the post-compensatory systole I administer an induction 
shock to the auricles as early as possible in the excitable period, 
the experiment may meet with a better success. Thus through ın- 
direct stimulation I could indeed bring the ventricle to fibrillation 
with greater ease. This is instanced in fig. 2. In fig. 2a the auricles 
receive an induction-shock at the first deflection of the signal, which 
causes on extrasystole of these chambers followed by a premature 
ventrieular systole Now the stimulus is repeated after the next 
auricular systole and this as early as possible in the excitable period. 
An extrasystole of the auricles ensues. 

The exeitation conducted after this to the ventricle, makes the 
-ventriele fibrillate for some time, during which ‚the aurieular eurve 
displays some anomalies, caused no doubt by intercurrent retrogade 
excitations running from the ventricle to the auricles to be vecasion- 
ally ineited to an extrasystole. At the fourth deflection of the signal 
the aurieles are again stimulated during a post-compensatory systole, 
but now the stimulus affeets the auricles a little later than the preceding 
time. Subsequently a brief fibrillation originates (we might also call 
this two extrasystoles — it is wise not to draw a sharp boundary 
line between the two deviations). 

The curves of fig. 25 were registered with an interval of some 
heart-periods after those of fig. 2a. Here an induction shock affects 
the aurieles at the second deflection of the signal, but this time rather 
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late in the excitable period. Accordingly after the auricular extra 
systole thus exeited, the ventriele presents a premature systole. The 


NAMEN NAIR 


Fig. 2. 


experiment will succeed better when at the fourth defleetion of the 
signal the shock is repeated during a post compensatory systole at 
an earlier moment. Now an extra-systole of the auricles originates 
in the beginning of the excitable period. The excitation reaching the 
ventriele after this, comes early enough to evoke a brief fibrillation. 
As before, the aurieles exhibit some anomalies. At the sixth defleetion 
of the signal the aurieles are once more stimulated during a post- 
compensatory systole. This time this stimulus affeets the aurieles a 
little earlier still than the preceding time. After this extra systole 
of the auricles the ventriele begins to fibrillate for a longer period 
under the influence of the exeitation. During this fibrillation the 
auricles present anomalies similar to the preceding. 

In Fig. 3 the eurves show that the contraetility of the ventriele 
was still intense'), although through indireet stimulation the ventriele 
could be made to fibrillate. At 1 the auricles receive an induction 
shock, which gives rise to an extrasystole of the aurieles. 

This is followed by a premature ventrieular systole with the ordinary 
a—v-interval. At 2 the extra-stimulus is repeated directly after the 
postcompensatory sytole, which is succeeded by a small extra-systole 


1) With all curves taken with double suspension, the ventricular curves were 
registered with a five-fold magnification. 
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of the aurieles. When after this the exeitation reaches the ventriele 
before the middle of the diastole, the refractory stage of the ventriele 


Fig. 3. 


has just come to a close. Consequently the ventriele begins to 
fibrillate while the auricles revert to pulsating in the normal rhythm. 
At 4 a renewed shock is administered to the auricles after a post- 
compensatory systole as early as possible in the exeitable period. 
Again a brief fibrillation of the ventricle ensues after the auricular 
extrasystole. 

The above ewperiments afford sufficient evidence to assert that the 
ventricle begins to fibrillate when an excitation reaches this chamber 
directly after the conclusion of the refractory stage. Lf, however, an 
excitation reaches the ventricle later, an ordinary premature systole 
is originated. 

It appears, then, that experimentally the ventriele can be made 
to fibrillate through an excitation, by a single shock to the auricles 
directly after the conelusion of the refractory stage. After the 
auricular extrasystole thus excited, the excitation proceeds to the 
ventriele and makes it fibrillate, when at least it reaches the ventriecle 
directly after the conelusion of the refractory stage. If the excitation 
reaches the ventriele too early, i.e. during the refractory stage, an 
extra-pause of the ventriele will ensue, because the excitation rebounds 

on the still non-exeitable ventricle. If however the excitation comes 
too late, a premature ventricular systole will appear. It is evident 
that the success of the experiment depends on the three following 
factors: 

1. on the moment at which the auricles are stimulated. Since the 
excitation reaches the ventricle almost always too late, it is desirable 
to stimulate the aurieles as early as possible in the exeitable period. 

3. on the time of conduction from the point at which the auricles 
are stimulated to the ventricle. 


538 


3. on the duration of the refraetory stage of the ventricle. 

Sinee the exeitation reaches the ventricle almost always too late 
the experiment will generally be more successful during the post- 
compensatory systole, of which the refractory stage has been lengthened. 
Another favourable factor consists in the fact that during the post- 
compensatory systole the rate of the conduetion of the exeitation is 
inereased, which faeilitates oür endeavours to make the exeitation 
reach the ventriele at the right moment. 

There are still more obstacles in the way of this experiment. I 
said before that the auricles should be excited as early as possible 
in the excitable period for the experiment to succeed. Now just 
then either aurieular fibrillation or “gehäufte” auricular extra-systoles 
arise!) repeatedly after a shock, anyhow when the metabolie con- 
dition of the auricles is sufficiently bad. 

In tbese two cases the ventriele does not display any fibrillation, 
but quite another aspect, wbich we purpose to describe in another 
paper. If our experiment is to succeed the extra-stimulus must, there 
fore, be followed by a single auricular systole. The exeitation reaching 
the ventriele after this, can cause it to fibrillate. 

Now, since, in the suspended frog’s heart, the metabolie condition 
of the ventriele is impaired much sooner than that of the auricles, 
the ventricle will reach a condition in which it may be made to 
fibrillate, much sooner than the aurieles. Consequently an early shock 
applied in this period to the auricles will yield an extrasystole ; 
when after this the excitation reaches the ventricle directly after the 
conelusion of the refractory stage, this chamber will begin to fibrillate. 

I must lay stress on the fact that a chamber can be brought to 
fibrillation through an excitation wave. This fact seems to me to be of 
‚some clinical significance, because when the human heart-beat is 
accelerated through a sudden bodily exereise i.e. when impulses are 
sent out at a quickened tempo from the pace-maker of the heart 
(sino-aurieular node of Kerra-FrLuck), we can conceive an impulse 
to reach the aurieles or the ventricle suddenly, directly after the 
conclusion of the refractory stage. The chamber concerned then may 
suddenly begin to fibrillate. 

From this and the first communication it is obvious, that the 
metabolie condition of the chamber concerned is deeisive for the 
origin and the continuance of fibrillation, which can reveal itself 
only when this metabolie condition has been sufficiently impaired. 
My new experimental data can also throw more light upon the 


!) To be discussed in a subsequent publication. 
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origin of sudden heart-deathı (according to HErıng’s eonception, which 
has been generally received, this death is caused by ventrieular 
fibrillation). 


From my second communication it is evident that “gehäufte” 
ventrieular extra-systoles may arise after direet excitation of the 
ventricle under conditions similar to those under which ventrieular 
fibrillation is generated. Now the question arises whether “gehäufte” 
ventrieular extra-systoles can also be brought about under the influ- 
ence of an excitation that originates from the auricles and reaches 
the ventricle direetly after the conclusion of the refractory stage. In 
the curves of fig. 4 this question meets with an affırmative answer, 
they were taken with the string galvanometer 1'/, hours after the 
bleeding. A certain irregularity is exhibited by the tempo of the 
ventricular systoles, because not all sinus-impulses were followed by 
a ventrieular systole. I placed a ? where the P-defleetions of the 
eleetograms are visible in the curve. Now when measuring the 
intervals between the various J’-deflections, we can easily realize 
the ventrieular rhythm. 


Intervals between the P-deflections. 


Time-units Time-units 
P'—-P'—=26'/, P'—P' = 26°), 
Pr], P=Rt— 177, 
a a PP IT), 


It appears, then, that the duration of the sinusperiods amounts to 
8°/, time-units, so that between P" and P:, P? and P° and between 
P‘ and P‘ two P-deflections coineide every time with the ventri- 
eular eleetrograms. Between P* and P*, P* and P’, P' and P’ one 
P-defleetion coincides every time with the ventrieular electrograms. 

The P-R intervals lasted particularly long (on an average ’/, 
second). 

The stimulating eleetrode was placed against the aurieles not far 
from the atrio-ventricular groove. 

During this registration the auricles receive twice an opening 
induetion shock viz. at 1 and at 2. The moment at which the shock 
is administered, is marked by the deflection of the signal, interpolated 
in the primary eireuit, upwards. The closing induction shocks were 
turned aside. At 1 the aurieles receive an opening induction shock 
a little after the summit of the 7-deflection (in consequence of intru- 
ding eurrent-loops the eleetrogram-curve shows a gap at the moment 
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of the shock). About °/, of a second later ihe electrogram of the 


subsequent ventricular systole commences. 


be considered short, when com- 
is 


which may 


pared with the long P—- 


’ 


This eonduction time 


due to the short distance to 


) 


R-interval 
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be covered by the exeitation, owing to the fact that the stimulating 
electrode is placed close to the aurieuloventrieular groove). 
Whereas after the stimulus applied at 1, the ventricle responds 
to the exeitation by a single ventricular systole, the result is quite 
different after the stimulus administered at 2. This finds an expla- 
nation in the fact that here the induction shock affeets the aurieles 
a little earlier. Whereas at 1 the stimulus affeets the aurieles a little 
after the summit of the 7’-deflection, at 2 it reaches the aurieles 
a little before the summit of the 7-defleetion. After an interval of 
°/; sec. the ventricle does not now respond to the excitation by a 
single systole, but by a series of five connected systoles. From the 
electrogram-curves it can be seen that between the various electro- 
grams the string does not remain in the position of rest or does so 
only for a short time. This “Häufung” of extrasystoles is due to 
the fact that the exeitation reaches the ventriele somewhat sooner after 
the preceding ventricular systole than the preceding time. Now when 
looking more closely at the electrograms of the “gehäufte” ventri- 
cular systoles, it appears that they are all different (the 2rd and the 
4!h curve are most likely produced by partial systoles °)).. We 
conclude, therefore, that the ventriele of the bled frog’s heart can 
resporid after an artificial aurieular extra-systole to the applied 
excitation by a “Häufung” of extra-systoles, if only this exeitation 
is applied early enough. An excitation that reaches the ventricle at 
a later moment produces a single premature ventricular systole. 
From the Pathological Laboratory of the 
April 1920. Amsterdam University. 


I) The deflection of the signal downwards is caused by a closure ofthe primary 
eireuit; these closure shocks are turned aside, so that the ventricular systole, the 
electrogram of which commences somewhat later. cannot be engendered by this 
closure. The electrogram succeeds the preceding one after an interval of 101/, 
time units, so that it is retarded 15/; time units, in consequence of the brief pre- 
ceding interval after the previons ventricular systole. 

So the ventricle pulsates in this registration in the halved rhythm, except that 
a bigeminal group has manifested itself here. After the two shocks this halved 
ventricular rhythm is disturbed arlificially. 

2) It might also be supposed that the ventricle had been directly stimulated by 
current loops. However 3/; sec. is much too long for an electric latent time. So 


this supposition must be precluded. 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 


Physiology. — “On the Artificial Extra-pause of the Ventricle 
of the Frog’s Heart.’ By Dr. $. px Borr. (Communicated by 


Prof. W. EinTHovEn). 
(Gommunicated at the meeting of June 26, 1920). 


Dastrks and LANGENDORFF were the first to show that sometimes 
after applying an artificial stimulus to the aurieles of the frog’s heart, 
a prolonged ventrieular pause arises, which is not initiated by an 
extrasystole of the ventricle. EnGELMAaNnN was in position to corroborate 
this experiment and to elueidate it. He pointed out that the experiment 
succeeds only when the stimulus is given to the auricles at the 
commencement of the ventrieular systole, after which an extrasystole 
of the aurieles will ensue. After this the exeitation proceeds to the 
ventricle and reaches it before the close of the refractory stage, so 
that no ventrieular “systole follows. Only after the compensatory 
pause which succeeds the extrasystole of the auricles do the aurieles 
and the ventricles resume their normal rhythm. This experiment, 
however, seldom succeeds. It is instanced in fig. 1. At 1 the auricles 
were given an induction shock !) at the commencement of the ven- 
trieular systole. After the auricular extrasystole evoked by this shock 
the exeitation reached tlıe ventriele during the refractory stage, so 
that no systole of this chamber arose. 

Not before the end of the compensatory pause of the auricles did 
an aurienlar systole arise again, followed by a ventrieular systole. 

I have now been more successful in this experiment, by lengthen- 
ing the duration of the refractory stage of the ventriecle. Then 
the exeitation after the artificial extrasystole of the aurieles will 
with greater certainty reach the ventriele still in the refractory 
stage. This lengthening of the refractory stage of the ventriele may 
be effected in different ways. First of all we know ever since 
LANGENDORFF wrote, that the duration of the posteormnpensatory SyS- 
tole has increased. I now found that during the posteompensatory 
systole also the duration of the refractory stage has inereased. It 


') In all figures the closing of the primary eircuit was indicated by adownward 
deflection of the signal. At the opening of the primary circuit an upward deflection 
of the signal was effected. In figs. 1, 2, 3, 4, and 6 the elosing stimuli were shut 
off and consequently they did not reach the heart. 
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may be expected, therefore, that the experiment succeeds better 
during a postcompensatory systole. This may be seen from fig. 1 
in which the auricles received a fresh stimulus during the post- 


Fig. 1. 


Fig. 2. 


Ta 
compensatory systole at the second upward defleetion of the signal, 
and hereafter followed another extrapause of the ventriele, which 


was not preceded by a premature ventricular systole. 


At 2% the aurieles were again stimulated at the commence- 


35* 
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ment of a ventrieular systole. After the evoked extrasystole 
of the anrieles the exeitation reached the ventricle after the refractory 
stage, so that a premature ventrieular systole ensued. When, how- 
ever, at the next upward deflection of the signal the stimulus is 
repeated at: the commencement of the posteompensatory systole, the 
exeitation after the extra auricular systole thus evoked, readily 
reaches the ventriele during the refractory stage. Now an extrapause 
of the ventriele follows. In this way it is easy to repeat the ex- 
periment during every following ventricular systole, which is broad- 
ened every time. At last it is even unnecessary to stimulate the 
aurieles at the commencement of the ventricular systole, the last 
stimulus being given about the middle of the ventrieular systole 
without diminishing the success of the experiment. This, indeed, is 
easily understood, if we look more carefully at the ventricular 
systoles of this artifieial halved ventricular rhythm. We then observe 
that after the compensatory pause the postcompensatory systole is 
broader than the preceding ventrieular systoles, and that every suc- 
ceeding systole surpasses its predecessor in broadness. We see then 
that the contraetility of the ventrieular muscle increases after every 
lengthened ventrieular .pause. This restoration of the ventricular 
muscle in the artificial halved rhythm involves an inerease in dura- 
tion of the refraetory stage from systole to systole. This is why 
ultimately the stimulus can be administered to the auricles later in 
the ventrieular period, without interfering with the success of the 
experiment. After the last stimulus the ventriele resumes again the 
normal rhythm. ') 

In the second place we can lengtlien the refractory stage of the 
ventricle by poisons, :namely digitalis, veratrin, antiarin or. barium- 
chloride and, by doing so, ensure success of our experiment. The 
eurves of Fig. 2 refer to a frog’s heart that had been poisoned 
with bariumehloride. At every upward deflection of the signal the 
auricles receive an opening induction shock at the commencement 
of a ventricular systole. Every time there appears an extrasystole 
of the auricles and every time after this the exeitation reaches the 
ventriele during the refractory stage, so that extrapauses of the ventriele 
originate, which are not preceded by premature ventricular systoles ?). 


!) After poisoning with veratrin, digitalis, antiarin or barium-chloride, the halved 
rhythm of. the ventriele can persist after one or more extra-pauses of the ventricle, 
without stimulating the heart any more. This also oceurs after bleeding the non- 
poisoned frog’s heart. (See fig. 5). 

?) In a later stage of this intoxication the ventriele maintains its pulsation in 
the halved rhytım after such an artificial extrapause. 
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I have now detected that artifieial extrapauses of the ventriele 
may be evoked in the frog’s heart in quite another manner. Whereas 
in the method described above, the prolongation of the refractory 
stage of tlıe ventriele was the decisive factor, the following method 
is based on a principle unknown as yet in the physiology of the 
‚heart: When we place the stimulating eleetrode in the aurieulo- 
ventrieular groove, we can evoke under certain eircumstances (pro- 
longed refractory stage of the ventricle), by. the administration of 
an extra-stimulus towards the close of the diastole of the ventriele, 
an extrapause of the ventricle, which is not preceded by an extra- 
systole of this chamber. R 

In our experiments described above we had to give the extra- 
stimulus at the beginning of the systole to obtain tlıe desired result.‘ 
When the stimulus was given a little later a premature ventrieular- 
systole succeeded the extrasystole of the auricles. 

It is obvious, then, that when a stimulus at. the end of the dias-- 
tole of the ventricle produces the same effect, it cannot be explained 
in.the same way. We shall therefore illustrate the latter experiment' 
by some curves. In fig. 3 we see a reproduetion of the suspension 
curves of a frog’s heart after veratrin poisoning. (The heart was 
left in situ and the eirculation of the blood was left intact; some 
drops of 1°/, sol. acetas veratrini, had been injected into the dorsal 
Iymphsae about 10 minutes before). At the first upward deflection 
of the signal an opening induction shock was given. After this we 
see an auricular systole represented in the suspension curve, which 
is not followed by a systole of the ventriele. Just as in the experi- 
ments described above, an extrapause of the ventriele follows after 
this auricular systole. At the next upward deflection the same expe- 
riment was repeated in the upper row of curves with the same 
result. Now when measuring the curve we find that the auricular 
systole, which appeared a short time after each of the two stimuli, 
follows after the commencement of the preceding aurieular systole 
with an interval of a sinus period. We, therefore applied the extra- 
stimulus in the auriculo-ventricular groove a short time before the 
commencement of anormal periodic aurieular systole. At that moment 
the ventriele was apparently still refractory, as there did not appear 
an extrasystole of the ventricle. The auricles, however, respond to 
the stimulus. The exeitation now traverses the auricles from the 
aurieulo-ventricalar boundary in the direction of the sinus venosus. 

But simultaneously the periodie sinusimpulse traverses the auricles 
in an opposite direction. The two exeitations meet and rebound. At 
that moment the auricular systole is accomplished underthe influence 


546 


of two exeitations, passing through the two chambers in opposite 
direetion. The exeitations elası against each other and are annihi- 
lated. Now we understand that the auricular systole succeeding the 
extra stimulus, originates partly under the influence of the periodie 


Fig. 3. 


sinus impulse and partly from the extra stimulus.') It is also clear 
that this auricular systole cannot in this case be followed by a 
ventricular systole. In the lower curves, registered a little later, 
this experiment is repeated with the same result at the first and 
the third upward deflection of the signal. At the second upward 
deflection of the signal the stimulus is given a little later, so that 
then an extrasystole of the ventricle appears. In fig. 4 are illustrated 
the suspensioncurves and the electrograms of a frog’s heart after 
antiarin poisoning. Initially the ventriele pulsated in halved rhythm, 
which at the first upward deflection of the signal was changed into 
the normal rhythm of twice the velocity. At the second upward 
deflection of the signal another induetionshock is administered in 
the auriculo-ventrieular groove.) We see from the stringeurve that 
this stimulus is administered a slıort time after the -defleetion. At 
this moment the ventriele is apparently still refractory, so that an 


') It goes without saying that it depends on the moment, at which the extra- 
stimulus is administered to which impulse the greater part of the auricular systole 
owes its origin. So, for instance, in Fig. 6 the two auricular systoles will arise 
for the greater part from the extra stimulus. 

2) The moment at which the extra stimulus is applied, is marked by the signal 


and may also be seen_from ihe stringeurve, which shows a small gap owing 'to 
a short swerving of {he string. 


547 


extrasystole of the ventricle is not evoked '). The auricles, however, do 
respond to the stimulus, so that these are now traversed at the 


sag; IR if f IITITR an et 
2a IN 
au | 
a \ ‚ 
E-_ 28 aut R 
ag |: ll , 
Be 
Auf Au } 
08 4 ) 
& Er | N 4 r 
: = \ SH 
au ’ 4 | 
« I) 
t 
a | N 


I!) 


: = ii 


Fig. 4. 


iu 
= 


{ “u 
f ® 


u 


1) In the stringeurve we see directly after the stimulus, a small triangular 
deflection, which tells us that after all an extremely small part of the ventricle is 
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same time by an excitation in a retrograde direction. This excitation, 
which traverses the auriele after the extra stimulus, encounters in 
the aurieles the periodie sinusimpulse, which was already on its 
way from the opposite side at the moment when the extra stimulus 
was given. Both exeitations are then annihilated, so that no prema- 
ture ventricular systole can follow and an extrapause of the ventriele 
manifests itself. Hereafter the normal ventricular rhythm is trans- 
posed into the halved rhythm'). 

It is beyond doubt that in this case the greater part of the auri- 
cular systole is owing to the periodie sinusimpulse, because this 
impulse was already traversing the auricles at the moment when 
the extrastimulus was being administered. We have seen heretofore 
that at the moment when the extrastimulus in the auriculoventri- 
eular groove is administered, the ventriele must be refractory. To 
ensure success of this experiment it will be well to lengthen the 
refractory stage of the ventricle. 

In the two preceding experiments.we have effected this lengthen- 
ing by veratrin-, or by antiarin-poisoning. We can now avail our- 
selves also of the fact that the refractory stage of the ventriele is 
lengthened by the posteompensatory systole. This is instanced in Fig. 5. 

It represents the suspension curves of the auricles (lower curves) 
and of the ventricles (upper curves) of a frog’s heart after bleeding. 
The stimulating electrode is applied in the aurieuloventricular groove. 
At the downward deflection of the signal a elosing shock is admi- 
nistered ?). This gives rise to an extrasystole of the ventriele, which 
is followed by a compensatory pause. During the postcompensatory 
systole an opening shock is applied. Although this shock was admin- 
istered at the commencement of an auricular systole just as the 
previous shock, the result is quite different. The refraetory stage of 


contracted. We are safe to conclude that the sinus impulse cannot rebound on 
this extremely small partial contraction, since, indeed, in the frog’s heart the 
auricles are interconnected with the ventricle all along the auriculo-ventricular 
groove (aurieulo-ventricular funnel.) Similarly we see in fig. 3 a slight difference 
in Ihe ‚magnitude of the deflections of the suspension curve, after the four stimuli 
which initiate the extrapauses of the ventricle. Very likely also here an extremel 
small portion of the ventricle has been made to contract once or twice ; 
!) I need not enlarge upon these transpositions of rhythm and the En. 
involve for the ventricle-electrograms. They were discussed by me in Koninklü 4 
Akademie van Wetenschappen te Amsterdam Proceedings Vol. XX 696 
Vol. 1 (1917) p. 271 and 502. Archives Neerl. de Physiologie tome iu 1918 
p- 7 and 90. Pflüger's Archiv. Bd. 173, S. 78. 
%), In this figure the celosing induction shock 
by a downward deflection Bere signal. te a 2 
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the postcompensatory systole, namely, is lengthened, so that at the 
moment when the stimulus is applied, the ventriele is still refractory 
and consequently presents no extrasystole. The auricles, however, 
do respond to the stimulus at the aurieuloventrieular boundary, so 
that eonsequently an excitation traverses the auricles in retrograde 


Fig. 6. 


| 
| 
) 
| 
? 


n 


ESG 


N 


Ni 


DENE NEN NN 


550 


direetion. This exeitation encounters in the auricles the periodie 
sinusimpulse, so that both exeitations are annihilated and no prema- 
ture ventrieular systole can follow. After the extrapause of the ven- 
triele, thus originating, the following systole of the ventricle is 
extended and broadened. Now because tlis systole engenders a 
prolonged refractory stage of the ventriele, the ventriele is caught 
in the halved-rhythm ?). It is evident that the previously described 
experiments succeed only when the extra stimulus affeets the auri- 
euloventrieular groove at a special moment. 

If that moment coineides with the moment at which the periodie sinus- 
impulse enters (he auricles, the experiment will succeed. Success will 
even be achieved when the extra stimulus is applied somewhat later 
or earlier. In fig. 4 e.g. at the second upward deflection of the signal, 
it was applied shortly after the /-deflection, therefore shortly after 
the periodie impulse had entered the auricles from the sinus venosus. 

In fig. 6 the experiment succeeded twice through extra stimuli 
which were applied shortly before the Z’-deflecetion in the auricu- 
loventrieular groove. At the first upward deflection of the signal the 
extra stimulus was applied on the peak of the negative 7-deflection, 
i.e. still before the P-defleetion would be registered ?). The excitation 
then traverses the auricles in a retrograde direction and encounters 
the periodie sinusimpulse in the vieinity of the sinus venosus. The 
P-deflection, which otherwise would have revealed itself directly 
after the close of the T7-defleetion, does not appear now. The auri- 
cular systole is somewhat premature in this case and may still just 
be seen in the suspension curve in the last part of tbe ventriceular 
diastole. It is obvious that this auricular systole is chiefly owing to 
the extra stimulus. 

At the second upward deflection of the signal the stimulus was 
applied a little before the peak of the 7-defleetion. The result is similar 
to that with the previous stimulus viz. an extrapause of the ventricle. 

If the extra stimulus .is applied much later or earlier than {he 
moment at which the sinus impulse enters the aurieles, no extrapause 
of the ventricle will follow. If later the extra stimulus will affeet 
the ventricle after the refractory stage and an extrasystole of the 
ventriele will ensue, followed by a compensatory pause. This is 
illustrated in fig. 3, in the lower ceurves at the second upward 
deflection of the signal. 


\) These transpositions of rhythm in the bled frog’s heart will be discussed in 
the following communication. 

?) In the electrogram-curve we see the P-deflections appear directly after the 
close of the 7-deflections. 


5öl 


Conversely, when the stimulus is given much earlier, an extra- 
systole of the auricles is originated, after which a systole of the 
ventriele follows at a normal a—v interval. An instance of this case 
is given in fig. 6 at the third upward defleetion of the signal. 

At the first and the second upward deflection of the signal the 
extrastimulus was applied at the peak of the 7'defleetion or a short 
time before it, which resulted in an extrapause of the ventriele. At 
the third upward defleetion of the signal, however, (he extra stimulus 
was applied much earlier, viz. rather more than '/, second before 
the peak of the 7*defleetion. It appears that the auricles respond 
already to the stimulus and present a complete extrasystole, but this 
retrograde excilation is not stayed in its course by the periodie 
sinusimpulse in the auricles. After this aurieular extrasystole the 
excitation proceeds to the ventriele and induces it to contract. 

Success of the latter experiment depends upon various conditions: 

1. The extrastimulus is to affeet the aurieles after the refractory 
stage of these chambers. 

2. After the artificial extra-systole (he exeitation is to reach the 
ventricle after its refractory stage. 

3. The extra-stimulus is to be applied so early that the exeitation 
which traverses the auricles after this stimulus in retrograde direction, 
does not encounter the next sinusimpulse in the auricle. 

Finally I wish to advert to the necessity of amplifying EneEL- 
MANN’S interpretation of the constant deviation of the compensatory 
pause in connection with the present investigation. According to 
ENGELMAnN the reason why, instead of the extrasystole normal periodie 
ventricular systole has fallen out, is because the periodie sinusimpulse 
reached the ventriele during the refractory stage of the extrasystole. 
The present research induces me to add that in some cases the 
periodie ventrieular systole falls out because after the extra stimulus 
the exeitation, which proceeds also in retrograde direction, elashes 
upon the periodie sinusimpulse, so that both exeitations are annihilated. 

When we tlıus amplify the interpretation of the duration of the 
compensatory pause, a fact becomes clear to me tlıat had been known 
to me long since, namely that when an extra stimulus is given to the 
ventriele, we see in some of the experiments, during the extrasystole 
a P-deflection expressed in the electrograms, in others we do not. 
If the P-defleetion is absent it is obvious that the periodie sinus- 
impulse has not traversed the whole auriele, but has been stayed in 
its course by the exeitation proceeding in retrograde direction, evoked 
by the extra stimulus,. 


Physiology. — “On Artificial and Spontaneous Changes of Rhythm 
| in the Bled Frog's Heart’. By Dr. S. pe Borr. (Communicated 
by Prof. W. EınTHoven). 


(Gommunicated at the meeting of June 26, 1920). 


When a frog’s heart has been deprived of blood and suspended, 
the rhythm of the ventricle is sometimes reduced to a halved rhythm, 
a phenomenon that may also be observed in the intact circulation 
of the blood after poisoning with veratrin, digitalis, antiarin or 
bariumehloride. 

The cause lies in the faet that under these conditions the duration 
of the refraetory stage of the ventricle increases, This increase of 
the duration of the refractory stage is to be ascribed to a disturbance 
of the metabolic equipoise, so that at the commencement of every 
ventrieular systole the ventricular muscle is not fully restored. What 
‚is still left over of the refractory stage we call the residual refractorı 
stage. In every systole the periodie refractory stage is added to this, 
as a result of the contraction of the ventrieular musele. Consequently 
when the metabolie equipoise has been disturbed, the total refractory 
stage consists of the two components mentioned just now. It is clear 
that the disturbance of the metabolie equipoise after poisoning with 
veratrin, digitalis, antiarin and bariumchloride is caused by a reinforced 
energy of the ventricular muscle. After bleeding, however, this 
anomaly arises from the inadequate anabolic processes. 

As soon as the refractory stage lasts longer than a sinusperiod, 
the normal rhythm of the ventricle passes into a halved rhythm. 
(This may happen suddenly oi' more gradually along the path of 
group-formation) '). 

Before the halved rhythm reveals itself spontaneously, we can 
halve the rhythm of the ventricle artificially, as appears from the 
following considerations: 

w 1 the duration of the total refractory stage 

the duration of a sinusperiod 
duration of the refractory stage. 


the relative 


') A more extensive discussion of this question has been given by mein Archives 
Neerl. de Physiologie tome I (1917) pp. 534 —-538. 
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When considering this fraetion more carefully, we can say before- 
hand in what way the normal rhytlim can be changed into a halved 
rhythm and the reverse, for if we take the relative dnration of the 
refractory stage larger ihan 1, the ventriele will pulsate with half 
the rhythm. If, on the contrary, we take it smaller than 1 the 
ventriele will beat in the normal rhythm, in which every sinus- 
impulse is followed_by a systole of the ventriele. We can make the 
fraction greater than 1 by increasing the numerator or also by 
lessening the denominator. Now in the case of a heart of which 
the total refractory stage is lengthened and which still beats in the 
normal rhythm, we can indeed prolong the total refractory stage so 
much as to make it outlast the sinusperiod. So we can make the 
fraction greater than 1, as we have only to evoke an enlarged 
systole, whose refractory stage has been prolonged. 

Now such an enlarged systole is the postcompensatory systole. 
When, therefore, we have lengtliıened the refractory stage of a ven- 
triele (through poisoning or through bleeding), we evoke an extra- 
systole or extrapause of the ventricle. After the compensatory pause 
or extrapause the next ventricular systole is enlarged, while its 
refractory stage has been lengthened. Therefore, the subsequent 
sinusimpulse will be checked by this prolonged refractory stage; 
again a prolonged pause ensues, and after this the next ventricular 
systole is again enlarged and has a prolonged refractory stage with 
all its consequences. Thus the ventriele is caught in the halved 
rhythm by the enlarged and broadened posteompensatory systole '). 
An increase. of the duration of the refractory stage, i.e. an increase 
of the numerator of the above-mentioned fraction sufficed to’ bring 
about the ventricular halved rhythm. 

Another method producing the same result, is heating the sinus 
venosus, which will inerease the frequency of the sinusimpulses and 
eonsequently decrease the duration of the sinusperiod. The denomi- 
nator of the fraetion is diminished. When the. ventricle pulsates in 
the. halved rhythm, the relative duration of the refractory stage is 
greater than 1. The fraction may then be made smaller by decreas- 
ing the numerator or by increasing the denominator. 

The first may be effected by administering an extrastimulus to 
the ventriele during the diastole. Then an extrasystole of the ventricle 
originates, which lasts much shorter than the ventricular systole 
from the ventrieular halved rhythm. Therefore, the duration of its 


1) Not every post-compensatory systole is followed by a ventricular halved-rhythm. 
This happens only when the refractory stage has been lengthened before by a 
disturbance of Ihe metabolie equipoise. 
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refractory stage is shortened and consequently the subsequent sinus- 
impulse can elieit a ventrieular systole. Owing to the short duration 
of the preceding ventrieular pause this systole will also be short and 
accordingly will have only a short refractory stage. Therefore, here 
also the next sinusimpulse is followed by a systole of the ventricle. 
Thus the ventrienlar halved-rhythm is changed into the normal 
vhythm of double veloeity. The extra stimulus during the halved- 
rhythm may, however, be administered towards the end of the pause 
instead of during the diastole. Then the next sinusimpulse reaches 
the ventriele during the diastole of the extrasystole and elicits a 
small ventrieular systole. Whereas in the first case the normal ven- 
trienlar rhythm was initiated by a small extrasystole, there now 
appears the normal rhıythm under'the influence of a sinusimpulse, which 
reaches the ventriele in the diastole of an extrasystole and, therefore, 
yields a small systole. In both cases it was a small ventrieular systole 
with a short refractory stage, that made the normal rhythm possible. 

In the second place we can change the halved rhythm into the 
normal rhythm of twice its veloeity by cooling the sinus venosus. 
Then the tempo of the sinusimpulse is slackened by which the 
sinusperiods are lengthened. We will elucidate some of the above 
artifieial changes of rhythm by some results obtained in experiments 
with the bled frog’s heart. ') 

Let us first look at Fig. 5 of the previous publieation.*) The 
stimulating electrode is applied in the auriculoventrieular groove. 
At the downward deflection of the signal the ventricle receives a 
elosing inductionshock, which engenders an extrasystole. At tlıe end 
of tbe diastole of the posteompensatory systole which has been 
enlarged, an opening inductionshock is administered, which results 
in an extrapause of the ventriele.°) 

After the extrapause the first ventricular systole has increased 
still more in magnitude and in breadth, so that now the next sinus- 
impulse rebounds on the refractory stage. The subsequent prolonged 
ventricular pause again causes an enlarged ventrieular systole with 
a prolonged refractory stage. 

Again the next sinusimpulse does not result in a ventrieular 
systole. Thus the ventriele, pulsating in the halved rhythm through 
the prolonged vrefractory stage is, so to speak, caught in its own 


') In all the figures of this publication the upper row represents the suspension- 
curves of the ventricle, the lower row the suspension curves of the auricles. 

%) 5. DE BoER. On the artificial extrapause of the ventricle in the frog's heart. 
These Proceedings p. 542. 


®) For the causes of this extrapause I refer to the previous publication. 
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rhythm. ‚We can change this halved rhythm again into the normal 
rhythm of twice the rapidity, by eliciting a small ventrieular systole. 
This happens in Fig. 1°). 

At the downward deflection of the signal an auricular extra- 
systole was evöked, after which the exeitation reached the ventriele 
during the refractory stage. Consequently the rhythm of the ven- 
triele did .not change here. However, at the upward deflection of 
the signal the stimulus was repeated towards the end of the pause. 
Now the auricles are refractory, but the: ventriele responds to the 
stimulus with an extrasystole. After this the periodie sinusimpulse 
reaches the ventriele towards the end of the diastole, so that a 
decreased systole of the ventricle ensues. This is accompanied by 
a short refractory stage so that also the subsequent sinusimpulse 
again results in a ventrieular systole. In this way every sinusimpulse 
may be followed by a ventrieular systole. 

Fig. 2 shows the suspension curves of a frog’s heart, 10 minutes 
after bleeding. The stimulating electrode is at the aurieles. At the 
first downward deflection of the signal the. auricles receive.a closing 
sheck, which results in an extrasystole of the auricles, followed by 
a compensalory pause. 

It is evident that the ventricular rhythm is influenced only in 
this way that the next systole of the ventriele appears somewhat earlier. 

When, however, at the upward deflection- of the signal the auri- 
cles receive the opening induction shock at an. earlier moment of 
the aurieular period, the result is quite different. After the thus 
excited extrasystole of the auricles, coineiding with the commence- 
ment of the ventrieular systole, the exeitation reaches the ventriele 
still in the latter’s refractory stage. 

After the compensatory pause of the auricles the next auricular 
systole is followed again by a ventricular systole. Thus arises 
an extrapause of the ventricle, followed by an: enlarged and broad- 
ened systole. Of this the refractory stage is prölonged, so that the 
next auricular' systole cannot be followed by a ventrieular systole. 
Again a prolonged ventricular pause arises, which is again followed 
by an enlarged systole of the ventricle. 

Thus the ventriele is caught in the halved rhythm by only one 
stimulus .administered to the auricles. At the second downward 
deflection of the signal (he auricles receive a closing shock towards 
the close .of the pause, which evokes an extrasystole of these 
chambers. After this the next ventricular systole commences earlier. 


I) Between fig. 5 of the previous publication and fig. 1 of this paper two 
ventricular: systoles. have not been reproduced. 
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The then following sinusimpulse reaches the ventriele towards the 
elose of the diastole and may, therefore, be followed by a small 
ventrieular systole. This small ventrieular systole now yields a short 
refractory stage. Therefore the next aurieular systole can be followed 
again by a ventrieular systole, which, on account of the short 
durations of the preceding pause, is again small and short. For this 
reason {he next auricular systole can again be followed by a ven- 
trieular systole. Thus by a single induction shock the halved rhythm 
of the ventriele is changed into the normal rhythm of twice the 
rapidity. 

Figs. 1 and 2 show us that we are able to change the halved 
rhythm into the normal one by means of a single induction shock. 
Now the question arises why the ventriele does not take up the 
normal rhythm spontaneously. From the fact that the halved rhythm 
can be changed into the normal, it, indeed, appears that the meta- 
bolie condition of the ventrieular muscle enables the ventricle to 
beat with a double frequeney. Still the ventricle persists in its halved 
rhythm, unless we administer a stimulus at the right moment. The 
cause must be looked for in the magnitude and the long duration 
of the ventricular systoles of the halved rhythm. Every second 
sinusimpulse rebounds on this prolonged refractory stage; the ven- 
tricle is, caught in the halved rhythm aud can escape from it only, 
when through an extra stimulus a small ventrieular systole is evoked 
directly or indireetly. 

When, however, the ventricle has been pulsating for some time 
in the halved rhythm, the ventriele gradually discards the residual 
refractory stage under the influence of the many prolonged ventri- 
cular pauses, so that the total refractory stage is shortened after 
all. In this way the normal ventrieular rhythm may yet return 
spontaneously. This is illustrated in Fig. 3. 
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Fig. 3. 
The curves of this figure originate from the same frog’s heart’ 


which proeured the curves of fig. 2. 
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When looking again at the ventriele-curves of fig. 5 of the pre- 
vious publieation and of figs. 1, 2, and 3 of the present one we can 
state what follows: 

As soon as the normal ventrieular rbythm is changed into the 
halved rhythm the magnitude and the duration of the ventricular 
systole increases. This increment then proceeds from systole to 
systole, so that the 10!" systole of the halved-rhythm is much greater 
than the 5", which again in its turn is greater than the first. This 
inerement of the magnitude of the ventricular systole is brought 
about by an increase of the maximum diastole and at the same time 
by an increase of the maximum systole. It will be seen, then, that 
the ventrieular musele recovers itself during the halved-rbythm and 
that this recovery proceeds under the influence of an increase of 
long ventrieular pauses. The reverse will be observed after the 
change of tbe halved-rhythm into the normal. 

The ventriele is then in a good condition owing to the preeeding 
halved-rhythm. Directly after the change into the normal rhythm, 
the magnitude of the ventricular systoles has decreased. But under 
the influence of the frequent recurrence of short ventrieular pauses 
the magnitude of the ventricular systoles lessens more and more. 
-This lessening regards the maximum diastole as well as the maximum 
systole. An intermediate form between the normal ventrieular rhythm 
and the halved-rhythm is the ventricle-alternant. 

We can change the normal ventrieular rhythm into the alternant 
and this again into the halved-rhythm, as illustrated in the following 
figures, derived from the same frog’s heart. The curves of figs. 4 
‚and 5 were taken after the bleeding. The ventricle was then pul- 
sating in the normal rhythm; at the first deflection of the signal 
the auricles received an induction shock resulting in an extrasystole 
of these chambers, which was followed by a small systole of the 
ventricle. At the second deflection of the signal again an auricular 
extrasystole was evoked in the beginning of the posteompensatory 
systole. Hereafter the exeitation reaches the ventriele during the 
refractory stage, so that an extrapause of the ventriele ensued. Then 
the first ventrieular systole is very much enlarged. This enlarged 
ventrieular systole introduces an alternation of the ventriele. (Similarly 
in our previous experiments the halved-rhythm was brought about 
by an enlarged systole). After some time this alternation changes 
spontaneously into the normal BET rhythm with systoles of 
the same magnitude. 

At 'the third defleetion of the signal again an extrasystole of the 
auricles is evoked, followed by a small ventricular systole. After the 
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enlarged postcompensatory systole again the ventriele-alternation arıses. 
The curves of fig. 5 were taken about 1 minute after those of 

fig. 4. A short time before the alternation had been elicited experi- 

mentally. It still exists at the commencement of the figure. | 
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Fig. 4. 
Fig. 5. 
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At the first defleetion of the signal the auricles are incited to an 
extrasystole by an induetion shock in the beginning of a large ven- 
triealar systole. After this. extrasystole the excitation reaches the 
ventriele during the refractory stage, so that no ventricular systole 
follows; an extra pause of a ventricle does follow, however. After 


this extrapause the first ventricular systole is enlarged again, so 
36* 
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that the next sinusimpulse reaches the ventricle again during the 
refractory stage. Owing to this the next pause of the ventriele is 
again prolonged with the ordinary consequences. In this way the 
ventrieular halved-rhythm is brought about artificially. 

At the second deflection of the signal again an extrasystole of the 
aurieles is evoked in the beginning of a ventricular systole. Because 
hereafter the exeitation reaches the ventricle during the refractory 
stage, the halved rhythm of eourse eontinues. 

At the third defleetion of the signal, however, an extrasystole of 
the aurieles is evoked after the termination of a 'ventricular systole. 
After this the exeitation reaches the ventriele towards the end of 
the pause so that a premature ventricular systole follows. Now because 
this ventrieular systole is premature, the next sinusimpulse reaches 
the ventriele after the close of the refractory stage, so that a small 
systole of the ventricle can follow. This systole is small on account 
of the short duration ‘of the preceding pause and therefore causes 
a short refraetory stage. For this reason also the following sinus- 
impulse is again responded to by a ventricular systole, which also 
is a small one again. In this way the normal rhythm of the ventriele 
is restored. 

In the above we have given some instances of changes of rhythm 
‘in the bled frog’s heart. We could enforce at willany given rhythm 
upon the ventriele by evoking one ventrieular systole of a certain 
magnitude and duration. 
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Geology. — “Crystallization and Resorption in the Magma of the 
Volcano Ruang. (Sangi Islands).” By Prof. H. A. Brouwer. 
(Communicated by Prof. G. A. F. MoLsnGraarm). 


(Communicated at the meeting of January 31, 1920). 


The solid lava from the highest peaks of Ruang, representing the 
oldest visible voleanie products of the island, display mieroscopically 
a great resemblance to the lava and the dome of the eruption of 
1904, and to the products of the latest eruption !),”\. They are 
all hypersthene augite andesites. The extensive rockmaterial which 
was colletted by me in 1915 along the slopes of the volcano and 
which may originate from different eruptions, confirms this: nearly 
all the rocks, which were examined microscopiecally, are also hyper- 
sthene augite andesites; among them oceur only few hypersthene 
augite amphibole andesites and a single olivine-bearing rock, viz 
an augite hyperstene amphibole olivine basalt. 

Amphibole and olivine thus appear to belong to the rare minera- 
logical constituents of the magma, which has risen to the surface, 
but the numerous xenoliths, encountered in the ejected products, 
enable us to judge of the erystallization products of the magma at 
greater depth. Especially the homoeogeneous xenoliths ’) are very 
numerous. They are not merely mineralogical curiosities, but they 
also indicate what minerals at greater depths of the magma can 
erystallize and they fill up the gaps between tlıe data that are 
obtainable only through the study of the effusive rocks. 

We subjoin a short deseription of the volcanie rocks of Ruang, 
together with the xenoliths found in them: 


1. Oldest volcanie products. 
Hypersthene augite andesites from the highest peaks of the island 
with phenoerysts of strongly zonary plagioclase, of hypersthene, augite 


1) M. KoPpERBERG, Verslag van een onderzoek naar de uitbarstingen in 1904 op 
het vulkaaneiland Roeang bij Tangoelandang (Sangi- en Talaoet-eilanden). Jaarb. 
Mijnwezen 1909. Wet. Ged. p. 207 e. v. 

»»H. A. Brouwer, Het vulkaaneiland Roeang (Sangi-eilanden) na de eruptie 
van 1914. Tijdschr. Kon. Ned. Aardr. Gen. 1915. 

3) A. Lacroıx, Les enclaves des roches volcaniques. 
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and ore in a groundmass of the same constituents with small quan- 
tities of glass. 


Il. Products of the eruption of 1904. 

Hypersthene augite andesites from the dome, which had gradually 
arisen in the crater after the eruption of 1904 and was exploded 
for the greater part at the eruption of 1914. Hypersthene augite 
andesites from the lava-tlow, which has flowed down the southern 
slope into the sea. 


Xenoliths in these rocks. 

They are fine-, to coarsegrained, sometimes porphyritic rocks, 
generally rich in plagioclase and moreover containing one or more 
of the following minerals: hypersthene, augite, amphibole of varying 
“colour and magnetite. Glass sometimes occurs and is enclosed within 
felspars, or oceurs between the other constituents. The plagioclase of 
the xenoliths is, in contradistinetion to that of the enclosing ande- 
sites, of a much less strongly zonary, or of homogeneous structure 
and belongs to basic mixtures with the composition of basie labra- 
dorite or bytownite. 

The following mineral-combinations may be distinguished: 

1. plagioclase, brown amphibole, little hypersthene, augite and 
magnetite. The brown amphibole has been resorbed more or less in 
various xenoliths and has sometimes disappeared completely. 

2. plagioclase, brown, faintly resorbed, amphibole with much 
hypersthene, augite and magnetite. 

3. plagioclase, completely resorbed brown and not resorbed light- 
green amphibole with little hypersthene, augite and magnetite. 

4. plagioclase, light-green amphibole, hypersthene, augite and 
magnetite. 

5. plagioclase, hypersthene, augite, magnetite and light-brown glass. 

6. plagioclase with little magnetite. 

7. fine-granular mixture of lath-shaped plagioclase, glass, magne- 
tite, and little pyroxene. 


IlI. Products of the eruption of 1914. 

A very considerable portion of the material that now covers (he 
slopes of Ruang, dates no doubt from the latest eruption of the 
volcano. Itis beyond doubt that among the products of the latest eruption 
are the blocks and bombs overlying the lava-flow of 1904, which are 
distinguished from all the other material emitted by their light-grey, 
fresh colour. These rocks are also pyroxene-andesites with both hyper- 
sthene and augite. re 
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Xenoliths in these rocks. | 

In many respects the xenoliths resemble those of the preceding. 
In a few also olivine was found in large quantities. 

We mention the following combinations: 

1. plagioelase, brown amphibole, hypersthene, augite and maßnetite. 
The brown amphibole is invariably resorbed, sometimes completely. 
In the latter case only little hypersthene and augite is present in 
separate erystals, out of the resorption-rims. 

2. plagioclase and light-green amphibole. The amphibole is partially 
resorbed and changed into a mixture of augite and ore. 

3. plagioclase and greenish brown, all but non-resorbed amphibole, 
with little magnetite. 

4. plagioclase, hypersthene, augite, and magnetite. 

5. plagioclase with very little pyroxene. 

6. plagioclase, partially resorbed olivine, hypersthene (and augite), 
little ore and glass. From the enelosing rock vitreous veins intrude 
into the xenoliths. 


IV. The other volcanic products. 

Beyond the above-named rocks, which could be ascribed with 
certainty to a special eruption, a number of rocks were examined, 
the majority of which will no doubt belong to the products of the 
two latest eruptions, but whose age cannot be established positively. 
In the main they are also hypersthene augite andesites, exceptionally 
amphibole-, and olivine-bearing rocks. Homoeogeneous xenoliths, 
isolated or enclosed by effusive rocks, are numerous; besides these 
we encountered also a few xenoliths of effusive rocks in effusive 
rocks, from which conelusions may be deduced about their relative 


age. 


a. Nenoliths of the hypersthene augite andesites. 

They are in the main medium-grained or porphyr itie holocrystal- 
line rocks; fine-erystalline xenoliths are the exception. 

1. large plagioclase-erystals with enclosed pyroxene, ore and glass. 

2. plagioclase and non-resorbed olivine. 

3. plagioclase, non-resorbed olivine and hypersthene. 

4. plagioclase, augite, hypersthene, brown amphibole, little olivine, 
ore and brown glass with’ few microlites. 

5. plagioclase, completely resorbed amphibole and very little brown 
glass. The resorption products of the amphibole consist of augite, 
hypersthene, and ore. Syn | 

6. fine-erystalline diabases and diabase-porphyrites, consisting of 
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plagioclase (also as phenocrysts if present), augite, hypersthene, 
and ore. 


b. Xenoliths of the augite amphibole hypersthene andesites. 

To these belong first of all some xenoliths of effusive rocks, viz. 

1. hypersthene augite andesite. 

2. Angite amphibole hypersthene andesite, which in its turn eontains 
a xenolith of andesite, in which no dark minerals could be recog- 
nized. Also numerous holocrystalline, generally medium-grained xeno- 
liths, oceur, viz. 

3. large plagioclase crystals. 

4. brown, or greenish-brown resorbed amphibole in large erystals, 
plagioclase, magnetite. 3 

5. plagioclase, brown, faintly resorbed, amphibole, little hyper- 
sthene, augite and light-brown glass. 

6. plagioclase, hypersthene, augite, and magnetite. 

7. hypersthene augite diabase porphyrite with much glass. 

8. fine-granular hypersthene augite diabase. 


c. Aenoliths of the augite hypersthene amphibole olivine basalts. 

In these rocks, wliich rarely occeur among the collected material 
also medium-grained xenoliths were found, viz. 

1. plagioclase and brown amphibole. 


d. The other wenoliths. 

Some of these were found as detached fragments without enclosing 
rock, others were detached from the enclosing rock and formed 
separate specimens, so that only the mieroscopical composition of 
xenolith is known. Probably, however, the enelosing rocks are also ° 
mainly hypersthene augite andesites. In some xenoliths the composition 
of the central parts differs from that of the marginal zone, the dark 
minerals are accumulated in the central parts. 

The following mineral-combinations were examined: 

1. dark-brown amphibole in large angular and poikilitie non- 
resorbed crystals, plagioclase, little hypersthene, augite, and magnetite. 

2. green amphibole in large angular and poikilitie, non-resorbed 
erystals, plagioclase, little augite, and magnetite. 

3. plagioclase, augite, hypersthene, little, rather strongly resorbed 
brown amplibole, and magnetite. 

4. xenolith with concentration of the dark constituents in the 
central parts, viz. 

Central part: very much green amphibole, magnetite, little plagio- 
clase and little dark-coloured glass with mierolites. 
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Margin: plagioclase with little green amphibole, ore, and light- 
brown glass without microlites. 

5. xenolith with concentration of the dark constituents in the 
central parts, i.e. 

Central part: almost exclusively brownish green amphibole with 
a margin of ore and very little plagioclase. 

Margin: much brownish- green, amphibole with angular forms 
and rim of ore, plagioclase with more or less idiomorphie form, 


. magnetite and very little augite and hypersthene. 


6. plagioclase, much olivine, little hypersthene and brownish-green 
amphibole. 

7. plagioclase, brown, almost entirely resorbed amphibole and 
little glass. 


Phenomena of resorption. 


a. of olivine. There are numerous xenoliths, in which the olivine 
is quite fresh, without resorption rim, e.g. in olivine-rich xenoliths, 
which contain besides plagioclase and rather much glass, only little 
brownish-green amphibole and some hypersthene. Here the line of 
demarcation between plagioclase and olivine is generally very sharp, 
but sometimes we observe the brownish-green amphibole disposed 
round the olivine or a combination of small amphibole erystals and 
a mixture rich in glass, of which the latter also occurs sparingly 
among the chief constituents, intrudes into the olivine crystals. 
The amphibole is no doubt one of the last cerystallization-products, 
and it may be that, before its formation, a slight resorption of the 
olivine has taken place, which however oceurs only locally and can 
be brought about only by a small amount of residual magma. 

Pronounced resorption-phenomena are shown e.g. by the olivine 
of xenoliths in blocks which were thrown out during the eruption 
of 1914, and are now overlying the lava-flow 0f1904. The boundary- 
line between plagioclase and olivine is nowhere sharp here, but the 
remainders of the olivine-erystals are encompassed by a zone of 
resorption against which the plagioclase is bordered in a curving 
and undefined way. Sometimes the original olivine has completely 
disappeared; it bas been replaced by a mineral-aggregate, chiefly 
made up öf hypersthene. If the olivine-erystals have been preserved 
in part, they are seen to be encompassed by a margin, in which 
a concentrie structure can be established. Close to the olivine the 
margin mostly eonsists only of an aggregale of larger hypersthene- 
erystals, by the side of which there may occur a little augite. 
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Farther from the olivine follows a finely erystalline mixture of 
hypersthene (and augite?) with a variable quantity of plagioclase 
and more to the outside also ore; this is succeeded by a zone of 
the larger adjacent plagioclase-erystal, in which pyroxenes are scat- 
tered in an irregular way. 

We see, therefore, that from the magma which yielded these 
xenoliths, first plagioclase and olivine were cerystallized, then the olivine 
had lost its stability and a 'resorption rim of hypersthene was formed, 
enclosed by a margin of hypersthene and ore with very little plagio- 
clase, while the enclosed hypersthene of the larger plagioclase crystals 
go to show that these erystals continued to form during the cerystal- 
lization of the hypersthene. The hypersthene belongs to the last 
erystallization-produets of the xenoliths and they originated partly 
at the cost of olivine. 

b. of the amphibole. Just like the olivine also the amphibole oceurs 
entirely unmodified in various xenoliths, especially in the detached 
xenoliths not enclosed by the solid lava. In these xenoliths very 
often rather much glass was found between the erystallized consti- 
tuents. In the olivine-free xenoliths with non-resorbed amphibole 
much magnetite but no or hardly any pyroxene was sometimes 
eneountered. The eolour varies from dark-brown to brownish-green 
and dark-, or light-green in the sections with highest absorption ; 
the pleochroism is considerable in the dark-coloured varieties. Gene- 
rally the amphibole is distinetly the last erystallization-produet with 
angular contours relative to the other constituents which are often 
enclosed. 

In the case of faint resorption tlıe resorption-rim eonsists exclusively 
of a black ore-mass or of a: combination of ore, pyroxene and plagio- 
clase. The first case is found e.g. in the amphiboles from the xeno- 
liths that are very rich in this mineral of a brown or greenish- 
brown colour and that do not contain any pyroxene, numerous 
speeimens of which oeeur along the slopes of the volcano. However, 
also in pyroxene-rich xenoliths similar resorption-rims round the 
amphibole are found. In the enclosures from the lava-flow of 1904, 
which contain by the side of amphibole less pyroxene, the ore does 
not only encompass the amphiboles as a rim, but it also penetrates 
along the cleavage-cracks into the central parts of the erystals. The 
resorption-rims, in which besides ore also pyroxene and plagioclase 
oceur, were observed in the xenoliths of the eruption-products of 
1914. They are large greenish-brown amphiboles, plagioclase and 
little ore. The plagioclases are sharply defined from the material of 
the resorption-rims, in which the pyroxene consists entirely or chiefly 
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of augite, while only some of the colourless constituents can with 
certainty be said to be plagioclase. Also with stronger resorption the 
amphibole changes into a mixture of the three named minerals. An 
enclosure of the lava flow of 1904, which chiefly consists of plagio- 
clase and brown amphibole with few large augite- and hypersthene 
erystals, shows around, and, also in veins running through the 
amphiboles, a mixture of hypersthene, augite and plagioelase, which 
also oceurs isolated in the parts of the amphibole that have not 
been altered completely. The margin round the amphiboles becomes 
very rich in ore in the outer rim, so that the three minerals are 
found here in a more zonary arrangement. 

Numerous xenoliths are characterized by completely resorbed 
amphiboles. Sometimes they consist entirely of a combination of very 
small ore-erystals. In others pyroxene (chiefly certainly augite) and 
also sometimes plagioclase oceur in great quantity with the ore. 
They were found in xenoliths from the south-eastern part of the 
island, together with plagioelase and much light-brown glass without 
microlites. For the rest most of the xenoliths colleeted from the lava 
dome of 1904 are characterized by totally resorbed amphiboles, which 
contain besides plagioclase only little augite and hypersthene, just as 
is the case with a few xenoliths of the latest eruption-produets 
(eruption of 1914). 


Origin of the wenoliths. 


The voleanie magma that has reached the earth’s surface during 
the several eruptions, presents a very constant mineralogical compo- 
sition; the lava (as a flow, or as a dome) as well as the loose vol- 
canie products are prineipally hypersthene augite andesites. The 
sporadie amphibole-erystals in some rocks are in part and perhaps 
all to be considered as xenolitlis of one mineral only '). For xeno- 
liths, eonsisting of mineral-combinations, which also occur as pheno- 
erysts in the‘enclosing rocks with or without glass or a crystalline 
groundmass, we can find an explanation of their origin in segre- 
gation or more perfeet erystallization during the intratellurie phase 
of the magma, which has produced the enclosing volcanie rock. The 
xenoliths into which glass veins have penetrated from the enclosing 
hypersthene augite andesite, may be completely solidified rocks that 
were carried along by the rising magma. 

However, a great many of these xenoliths contain amphibole, a 
mineral which, as a rule, does not occur either unmodified or resorbed 


1) Gf. also H. KopkRBErs, 1. c., p. 270. 
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among the phenoerysts of the volcanie rocks. This points to consider- 
able mineralogical differences between the volcanie rock and the 
xenoliths, which in this case, unlike the homoeogeneous xenoliths of 
the amphibole andesites from the Eifel, cannot be explained merely 
by segregation. 

We are safe to assume that in the lower parts of the volcano 
various mineral-combinations have been crystallized from the magma 
in various places. In the magma, which came to effusion at various 
epochs, the phenoerysts of the volcanie rock were erystallized in 
the intratellurie period. The magma that procured the numerous 
amphibole-bearing xenoliths, has more or less perfectly been crystal- 
lized, while fragments were carried along by the escaping magma. 
The oceurrence of glass in some of these xenoliths proves that:erys- 
tallization was not yet quite terminated when the effusion took place. 

The mostly non-resorbed condition of the amphibole in these glass- 
bearing xenoliths in loose voleanie products and not in solid lava 
indicates that the resorption of the -amphibole has begun during the 
efusion and the enclosing by the magma of the hypersthene augite 
andesites. In the parts of (he enclosing lava that have cooled down 
rapidiy we generally find the amphibole unresorbed or only very 
little resorbed; in the lava that has cooled down slowly and in the 
dome we find it much more or completely resorbed. 

Hardly any differentiation of the magma in the lower regions 
of the volcano need be made; once more we point to the constant 
composition of the volcanie rocks of different eruptions. The am- 
phibole-bearing xenoliths represent the sometimes slightly more 
basie, dioritie equivalents of the andesitie effusive rocks. There 
are several indications that, in general, in a crystallizing magma, 
augite represents the stable phase at a higher, amphibole that at a 
lower temperature. Also, that the development of the complex amphi- 
bole-molecule is rendered possible only in the presence of gaseous 
components in the magma. The complex molecule, stable only under 
definite eircumstances, is replaced by simpler combinations, when 
conditions are changing, e.g. through escaping of the gases and 
diminution of pressure, as proved by the widely spread resorption 
phenomena of the amphibole in voleanie roeks, which have been 
deseribed heretofore. This resorption does not take place if the 
cooling occurs very rapidly; this accounts for its absence in the 
amphiboles of the xenoliths enelosed by loose volcanie products or 
which oceur as isolated fragments in tuffs. 

The oceurrence of olivine in some xenoliths also constitutes a 
mineralogical difference with the effusive rocks that enelose them. 
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But here again the numerous resorption-phenomena demonstrate the 
instability of this mineral under eircumstances different from those 
which prevailed during crystallization. The phenomenon may be 
compared with the eorrosion-phenomena of rhombie pyroxene in 
xenoliths of basalts.') In similar rocks, which are more basie and 
richer in lime than the effusiva of Ruang, phenoerysts of rhombie 
pyroxene occur very rarely,.:nevertheless this mineral is found in 
xenoliths mostly in a corroded condition. The formation of ortho- 
silicate instead of metasilicate is, under otherwise similar conditions, 
dependent on the quantity of available silica, which can combine 
with Mg and Fe, but many instances are known in which olivine 
is erystallized in magmas, which contain enough silica to give 
origin to metasilicate (SiO,-rich basalts). The co-ineidence of pyro- 
genelic quartz and olivine in the same rock has been explained 
by the action of tle water-vapour present in the magma°’) which 
has impeded the formation of the metasilicate. 

The xenoliths of various mineralogical composition and of different 
structures point to erystallizations which have taken place under 
various eircumstances and very likely at widely different depths in 
the magma. The various types are connected by intermediate struc- 
tures. We can account for the great abundance of amphibole-bearing 
xenoliths and the striking contrast of the absence of amphibole- 
phenocrysts in the lava by assuming that the magma beneath Ruang 
was in its upper parts, before the commencement of the eruption, 
under pressure- and temperature-relations, ın which first pyrowene 
and later on at a subsequent cooling amphibole could erystallize, while 
at greater depths the field of erystallization of the amphibole was 
not reached. At the commencement of the eruption the upper portions 
of the magma were crystaliized completely or for the greater part, 
while the magma with fewer and different erystalline constituents 
and with greater liquidity lay at a greater depth, which magma 
was effused at an eruption of the volcano as a Iıypersthene augite 
andesite and presented the fragments of its dioritie erust which had 
been solidified completely or partially, as xenoliths. 


1) A. Lacroıx, Les enclaves des roches volcaniques, p. 491. 
3) J. P. Innınes, Igneous Rocks. Vol. I. 1909, p. 142. 


Geology. — “Fractures and Fanults near the Surface of Moving 
Geantielines”. 1. By Prof. H. A. Brovwer. (Communicated 


by Prof. G. A. F. MOoLENGRAAFF). 


(Communicated at the meeting of April 23, 1920). 


When cerustal movements take place they generally cause strata 
at greater depth to fold, and to break near the surface. In the high 
continental mountain-ranges, as the Alps and the Himalaya, which 
have alreadv very long been exposed to eroding influences, because 
they have already long been lifted above the sealevel, the ancient 
folding phenomenon is completely visible, and the anatomical 
structure has become visible in its broad outlines and in the smallest 
details. Conversely, in the sculpturing of the broad outlines erosion 
has long since obtained a paramount influence by the side of the 
mountain-building movements; whereas the trend of the first valleys 
depended on the first geanticlines that rose above the sealevel, these 
forms have since that epoch long been influenced by the collective 
action of mountain-building and erosion, in which process the 
relationship between the broad outlines of the tectonic and the shape 
of the surface has disappeared more and more. Where, however, 
the mountains rose up from deep seas and were exposed to eroding 
influences during a much shorter space of time, the outer forın is 
not controlled in the first place by erosion, but by the crustal 
movements themselves. In contradistinetion to the mountain-ranges 
of the continents the erosion of the tertiary mountain-ranges has 
laid bare here chiefly only their superficial parts; here there is no 
question of a “herrliche Entblöszung des anatomischen Baues des 
Gebirges’’.') But, on the other hand, the now visible external shape 
of the Alpine mountains is only “eine Ruinenbildung”, whereas in 
the recent mountains of the deep seas the main lines of the latest 
phase of mountain-building manifest themselves elearly in the shape 
at the surface, wbich will be shown in what follows. 


Origin of fractures and faults. 


The origin of fractures and faults is correlated with the oeeurrence 
of tensional and compressional stress; the developments of fractures 


!) Aug. Heım. Geologie der Schweiz. Band II, Lief. I, 1919. S. 72. 
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may be accompanied by faulting. Without faulting an extension of 
the geanticlinal axis is obtained by gaping fraetures, i.e. by a 
movement normal to the fault-planes; with faults without gaping 
an extension is obtained by a movement parallel to faultplanes, 
wbich must be inclined to the geantieclinal axis. Shortening .of the 
geantieline is possible by faulting along fault-planes that do not 
gape and which are not vertical to the geuntielinal axis. Similar 
relations prevail for a lengthening or a shortening of a section of 
the geanticlinal surface with a plane vertical to the geanticlinal axis. 

In the case of more or less free horizontal movement, a length- 
ening of the geanticlines will reveal itself near the surface through 
the formation of transverse or diagonal fractures, which may be 
gaping ov along which faulting may oceur. Every position of the 
fault-planes is possible; besides by the direction and the veloeity of 
the movement, the position of the fault-planes is also controlled by 
a great many factors, e.g. by stratification, composition and distribu- 
tion of the rocks near the surface. However, it is above all the 
more or less horizontal transverse faults, the gaping transverse 
fractures, the more or less vertical longitudinal faults, and the 
gaping longitudinal fractures, that chiefly govern the morphologiecal 
aspect of the earth’s surface, leaving out of consideration the local 
areas with strong bending of the geanticlinal axes. According with 
the nature of the rocks, insignifieant fractures of various trend may 
occur everywhere near the surface of the moving geanticlines; we 
consider only those areas of the geanticlinal surface where the 
faults, through more or less equal position and more or less equal 
direction of movement, bring about considerable alterations in the 
broad outlines of the morphological structure. Indeed, near the 
surface of the geanticline, zones of constant lithological characters 
may generally be separated by planes, which are parallel to the 
geanticlinal axis. If these planes are more or less vertical, this will 
chiefly influence the distribution of the vertical longitudinal fractures 
and the longitudinal faults. If these planes are prineipally more or 
less horizontal, this will chiefly influence the distribution of the 
horizontal faults, along horizontal planes, but the latter faults do 
not in the first place govern the morphological structure, and are 
left aside in our speculation. Accordingly on the distribution of the 
transverse faults, which really govern the morphological structure, 
the lithological character of the geanticlines near the surface exerts 
only little influence (at least as regards merely the major structure 
considered by us). And if the said planes near the surface are 
prineipally more or less horizontal, either in their original position 
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or after overthrust-movements, the lithological character affects the 
development of the vertical longitudinal faults only very little, so 
that then again the morphological structure is governed prineipally 
by direetion and velocity in different places of the moving geanticline. 
If the crust near the surface does not undergo the direct influence 
of the compressional stress, in the main only passive displacements 
will appear here. In forming a judgment of the genesis of fraetures 
and faults this should be borne in mind. | 

When in the following pages faults are spoken of, we presume 
it to be possible that monoclines occur, which are essentially allied 
to faults. 


Movement of the geanticlines. 


The movement of a geanticline can-be broadly described by indi- 
cating in the first place how the projections of the geanticlinal axis 
on the horizontal plane and on a vertical plane approximately paral- 
lel to the part of the geanticlinal axis under consideration, are moving, 
When we then consider the section of the surface of the geanticline 
with a vertical plane at right angles to the geanticlinal axis, it is 
also a matter of importance how this section will move. In this 
communication we only consider the movement of the horizontal 
pröjection of the geanticlinal azis. 

The movement of a geanticline, which can move more or less 
freely in a horizontal direction, e.g. as a row of islands in the 
direction of the ocean, will show itself for the greater part in the 
movement of the horizontal projection. Extension by bending at 
greater depth, will perhaps be visible near the surface in more or 
less regularly distributed,. more or less gaping transverse or diag- 
onal fractures and faults. Straits may occur at the place of such 
fractures. In the row of islands Sumatra-Java-Lombok-Flores, e. g. 
numerous transverse faults occur near Strait Sunda and nearly 
always the western portion is moved towards the South '). Along 
the fault-plane of the Tji-Tjatih near Sukabumi the displacement 
amounts to 4 k.m. at the very least, along the fraetures of Sunda 


) R. D. M. VERBEER and R. FennEMma. “Geologische Beschrijving van Java en 
Madoera” 1896 p. 539. L. J. C. van Es. “Geologische Overz. kaart v. d. Ned. 
Oost-Ind. Archipel. Toelichting bij Bld. XV. Jaarb. Miinw. Verh. 1916 II p. 132 
sqq. The faults now visible have, at least in part, originated already in earlier 
times, during an earlier phase in the orogenetie process, under a load of sediments, 
and along many of them the movement may have stopped by this time. The 
morphological structure is now governed especially by the faults in the neigh- 
bourhood of Strait Sunda. 
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Strait, the western part of Java has been moved several tens of 
kilometers towards the South in regard to South Sumatra. Where 
fractures are gaping it is not necessary, as has been said, for them 
to be inelined to the geanticlinal axis, in order to bring about an 
extension of the geantieline. It is possible that the gaping along 
transverse fraetures has contributed to the origin of Sunda Strait 
and, as a matter.of course the transverse movements will not pro- 
ceed horizontally, but will have had a vertical component, which 
is not expressed in the movement of the horizontal projeetion, our 
only objeet of inquiry. In the Jura mountains we know only move- 
ments along fault-planes without gaping, but here the movement, 
now visible after erosion, took place under an overlying load of 
sediments. "The arraugement of the faults is harmonic here, and 
consequently shows its alliance with the flow at greater depth. 
Several factors near the surface, as the composition and the strati- 
fication of the rocks, exert a stronger action to disturb the harmonie 
structure. 

The horizontal movement of a geantieline, which proceeds in the 
direction of a continental “Vorland”, depends on the shape and the 
distance of the “Vorland”. If the shape is irregular, considerable 
differences in velocity for neighbouring points of the horizontal 
projection of the geantielinal axis may oceur and considerable faulting 
movements may take place. 

The row of islands Timor-Tenimber islands afford an illustration 
of a geanticline moving in the direction of a “Vorland’” with an 
irregular shape‘). The 200 m.-line of the Sahul shelf presents an 
abrupt right-angled bend south-east of the east point of Timor and 
a less abrupt bend south of the Island Jamdena of the Tenimber group. 

Opposite the “Vorland’’, between the two bends, the islands of the 
Sermata and Babber group lie in irregular arrangement. The non- 
harmonie northern position of the island Kisser may e.g. be allied 
with transverse faults, right in the prolongation of the N.W—S.E 
part of the projecting angle of the 200 m.-line of the Sahul shelf. 
No doubt a number of younger and older faults and, fractures 
are to be found in -and between these islands, and we find that 
elements of quite different geological composition lie side by side. 
So, for instance the island of Kisser bears, in geological composition, 
resemblance to the island of Letti; the rocks of these two islands, now 
most probably displaced relatively to each other, may have been 

ı) H. A. BRouwEr. On the Crustal Movements in the region of the curving 
row of islands in the Eastern part of the East-Indian Archipelago. Proc. Kon. Ak. 
v. Wet. XXII p. 774. 


37 
Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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more connected originally. West-Moa, though just beside Letti, cannot 
be considered geologically as the prolongation of that island, and 
Bast-Moa, part from the young coral limestones, consists entirely 
of peridotite mountains, which are not found in West-Moa. The 
Island Luang consists of massive permian crinoid-limestones, not to 
be found in any of the other islands of the Sermata-group and are 
first met with in Timor, whereas the adjacent island of Sermata again 
seems to consist of totally different rocks, viz. phyllites and schistose 
diabase tuffs, such as also occur in Letti and in_Kisser. Of course, 
these facts may be explained in part by an overthrust structure in 
the different islands. We still point to the northern situation of the 
island of Babber. s 
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Fig. 1. Movement of a geanticline opposite re-entering angles of the 
“Vorland”, as south-east of Timor. 


An example of considerable differences in veloeity for adjacent 
points C’ and D of the horizontal projection of the geanticlinal axis 
is given in Fig. 1. 

The prolongation of the above-mentioned geanticline proceeds in 
a curve via Ceram and Buru. A very striking irregularity in the 
harmonie course of this portion of the geanticline is the narrow 
Manipa Strait, nearly 5000 m. deep between Ceram and Buru. The 
strike of the Tertiary mountain-range is, in West-Buru and in the 
greater part of Ceram, about N.W.—S.E. In West-Ceram and in the 
islands between Ceram and Buru N.E. strikes have been observed '). 
So the Tertiary mountain-range displays considerable curvatures from 
Ceram to Buru. 

We have pointed out before?) that the latest erustal movement 
in tbis region is considered by us to be a younger phase in the same 
process and an exact continuation of the Tertiary erustal movement. 
Of the Tertiary phase we only know the folds and overthrusts at 
greater depth, of the youngest phase only the fractured and faulted 
crust near the surface. We see, however, that the two phenomena are 


) L. Rurtrn and W. Horz. De Geol. Exp. van Ceram 9e Verslag gr 
Kon. Aardr. Gen. XXXV] 1919. 


®) H. A. BRouUweER. On the Crustal Movements etc. l.e. 
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mutually eomplementary, and that the place of sudden curvature in 
the horizontal projection of the Tertiary Jolding-axes coincides with 
the considerable transverse dislocations of the present geanticlines '). 

One of the numerous changes which may thus originate in the 
horizontal projeetion is illustrated in fig. 2. 


Fig. 2. One of the possible modes of genesis of deep transverse straits (such as 
Manipa Strait between Ceram and Buru). 


Suppose ©, and D, of the horizontal projeetion to have reached 
C, and D, in a succeeding phase, then a rapid increase of opposed 
velocities will be engendered on either side of the point of intersec- 
tion, through which the breaking erust will reveal here in the first 
place considerable transverse faults and fractures. | 

Let us imagine an ideal free horizontal movement without trans- 
formation of the geanticline, then all points will be displaced in 
horizontal direction with the same velocity. In case the free hori- 
zontal movement is counteracted, the places where considerable 
disruptions will occur near the surface, will be determined by the 
distribution of the velocities. 

The geantieline of the Timor-row of islands is situated at the 
island of Timor, opposite and near a fairly rectilinear part of the 200 
m.-line of the Sahul-snelf. The free horizontal movement is hereby 
counteracted in the same degree and there is no reason for expecting 
velocity-differences for adjacent points of the horizontal projection 
of the geanticlinal axis, so that important transverse faults and 
fractures do not occur. The central basin, however, that we now 
know to exist over the whole length of the Dutch portion of 
Timor and which is also found more towards the East, illustrates 
the occurrence of longitudinal disruptions, along which oppositely 
directed movements took place — at least for a considerable time 
during the development of the geantieline. 


1) These transverse movements may also have occurred in earlier phases of 
mountain-building, but the present morphological structure is governed chiefly by 
the most recent movements along the same or other fault-planes and fractures 
of the same kind, which have taken over tlıe task of tie older ones. 
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SUMMARY. 


1. From the shape of the rows of islands we may conelude that 
besides in a vertical direction they can also move largely in a 
horizontal direction. 

2. The geotectonic geology of ten dealt with as a part of descriptive 
geology, includes a number of problems which admit only a dynamie 
solution. 

3. Just as a glacier impresses us with the idea that it is perfectly 
quiescent, whereas the presence of crevasses can only be aceounted 
for by veloeity-differences of the movement, the much slower move- 
ment and the veloeity-differences in the case of geanticlines can be 
demonstrated by the faults and fraetures near the surface, and that 
especially there where erosion has exerted only little influence and 
only during a short period, as in the case of the geantielines in 
deep seas. 
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Botany. — “Ueber die tropistische Wirkung von rotem Licht auf 
Dunkelpflanzen von Avena sativa.” By Miss Dr. Cara 
' ZOLLIKOFER. (Communicated by Prof. F. A. F. C. Wenn). 


(Gommunicated at the meeting of October 30, 1920). 
$ 1. Einleitung. 


Die in den letzten Jahren allgemein gebräuchliche Verwendung 
von mässig starkem rotem Licht bei reizphysiologischen Arbeiten 
im Dunkelzimmer galt bisher als völlig harmlos, insofern die 
Pflanzen demselben nicht zu lange ausgesetzt waren. Speziell für 
Avena sativa hatte Braauw!) eine äusserst geringe Empfindlichkeit 
für die schwächer brechbaren Strahlen bis ins Grün festgestellt. 
Nur bei 1'/,—2 stündiger Einwirkung von starkem rotem Licht 
beobachtete er schwache phototropische Krümmungen. VogT?) fand 
bei Dauerbeleuchtung mit schwachem rotem Licht eine geringere 
Endlänge der Avena-Koleoptilen und eine Erhöhung des Zuwachses 
in 24 Stunden, analog den Erscheinungen nach Einwirkung von 
sehr schwachem weissem Licht. In beiden Fällen handelte es sich 
um beträchtliche Liehtmengen. Genauere Feststellungen, wie weit 
tatsächlich das im Dunkelzimmer verwendete rote Licht als photo- 
tropisch unwirksam betrachtet werden darf, liegen nicht vor. Diese 
Lücke sollen die nachstehenden Untersuchungen ausfüllen. Sie 
beziehen sich einerseits auf die Einwirkung roten Lichtes auf das 
Längenwachstum der Koleoptile, anderseits auf phototropische 
Reaktionen. Es wurde versucht, durch genauere Bestimmung der 
verwendeten Lichtmengen die Grenze zu finden, oberhalb der die 
Wirkung des roten Lichtes nicht mehr unberücksichtigt bleiben 
darf, und einige Daten über den Verlauf der Reaktion zu gewinnen. 
Es handelt sich dabei, wie ausdrücklich betont sei, nicht um reines 
spektrales Rot, sondern um den Strahlenbezirk, den die im Dunkel- 
zimmer meist gebrauchten Ueberbirnen aus Rubinglas durchlassen. 

Die verwendete Lichtquelle war eine 100-kerzige Metallfadenlampe 
mit sehr dunkler Rubinglas-Ueberbirne der lca—A.G., spektros- 


ı) Braauw, A. H. Die Perzeption des Lichtes. Rec. trav. bot. neerl. V, 1909. 
%) Vogt, E. Ueber den Einfluss des Lichts auf das Wachstum der Koleoptile 


von Avena sativa. Zeitschr. f, Bot. VII, 1915, 
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kopisch geprüft, Die spektroskopische Kontrolle ergab, dass tatsäch- 
lich nur ganz wenige Strahlen im Orange durchgelassen wurden. 
Es waren vereinzelte von der Wellenlänge 609—613 uu (Na-Linie 
2—= 589 wu), etwas zahlreichere von 613—-623 un; lichtstark war 
das Spektrum erst oberhalb 623 u. 

Die plhotometrische Bestimmung der Lichtstärke bereitete einige 
Schwierigkeiten und kann deshalb nur angenäherte Genauigkeit 
beanspruchen. Einmal war infolge von Stromschwankungen im Netz 
die Lichtintensität nicht ganz konstant. Sodann lässt sich mit dem 
Weber’schen Photometer, das mir zur Verfügung stand, genau nur 
weisses oder wenig gefärbtes Licht messen Es gelang mir aber mit 
einiger Uebung, den Punkt. gleicher Helligkeit mit dem weissen 
Vergleichslicht doch angenähert zu bestimmen. Das Mittel aus einer 
grösseren Zahl von Messungen ergab für meine Lampe die über- 
raschend geringe Lichtstärke von 0,08 HK, also eine ganz enorme 
Abschwächung durch das Rubinglas. Der mittlere Fehler beträgt 
dabei höchstens 10 °/,, sodass dieser Wert unbedenklich als Grund- 
lage für die nachfolgenden Untersuchungen dienen kann, umsomehr 
als bisher überhaupt keine Zahlenangaben für rotes Licht vorliegen. 

Die Versuche wurden ausgeführt in einem Dunkelzimmer des 
Botanischen Laboratoriums in Utrecht mit konstanter Temperatur 
von 22,5° C. und einer relativen Luftfeuchtigkeit von 55—60 °/,. 
Als Objekt dienten Dunkelpflanzen von Avena sativa von einer 
Koleoptilenlänge von 15—35 mm, die 24—48 Stunden bereits in 
der konstanten Temperatur des Versuchsraums zugebracht hatten. 


$ 2. Wachstumsreaktion nach Einwirkung von rotem Licht. 


Die von Vogr') bei Avena nach Anwendung relativ grosser Licht- 
mengen beobachtete Wachstumsreaktion ist von SımrP ?) auch für 
Beleuchtungen bis zu 10 MKS herab festgestellt worden. Eine ähn- 
liche Schwankung in der Zuwachsbewegung tritt auch auf, wenn 
voliständig dunkel erzogene Pflanzen rotem Licht ausgesetzt werden, 
und zwar genügen dazu schon sehr geringe Mengen. 

Ich beobachtete die Zuwachsbewegung stets an einer einzelnen 
Pflanze, die in einem Tbermostaten mit Wassermantel von Zimmer- 
temperatur aufgestellt war. Die Temperatur in dessen Innenraum 
schwankte im Verlauf mehrerer Stunden um höchstens 0.2° C. Die 
Messung des Wachstums geschah alle 3 Minuten durch ein horizontal 


1).Vosr, E, l.c. 
2) Sıerp, H., Ueber den Einfluss geringer Lichtmengen auf die Zuwachsbewegung 
der Koleopüle von Avena sativa. Ber. d. Deutsch. Bot. Ges. XXXVII, 1919. 
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eingebautes Mikroskop mit Mikrometer-Okular, in den ersten Ver- 
suchen bei 131 facher, später bei 71 facher Vergrösserung. Mit 
Hülfe eines Kathetometers konnte die Versuchspflanze rasch: und 
präzis in der Vertikalen verschoben werden. Die Beleuchtung erfolgte 
in der von Braauw !) angegebenen Weise mittels 4 Spiegeln, durch 
welche das Licht allseitig horizontal auf die Pflanze geworfen wurde, 
während sie gegen direkt von oben einfallende Strahlen geschützt 
war. Ein fünftes, drehbares Spiegelchen warf das für die Ablesun- 
gen nötige Licht ins Mikroskop. Durch gut anschliessende Kappen 
aus schwarzem Papier konnten die 4 Seitenspiegel nach Bedarf 
verdunkelt werden. Der Weg des Lichtes von der Lampe bis zur 
Versuchspflanze betrug 45 cm., die von der Pflanze empfangene 
Intensität 0,& MK. Zur Absorption der Wärmestrahlen diente eine 
zwischengeschaltete Wasserschicht von 5 em. Dicke. Mit den Able- 
sungen wurde sofort nach der Einstellung im Thermostaten begonnen. 
Während derselben waren die Pflanzen 1—-2 Minuten dem Licht 
ausgesetzt und erhielten bei allseitiger Belichtung 120—240 MKS. 
Von da an wurde für die Ablesungen alle 3 Minuten 10— 12 Sekun- 
den belichtet. Die Wirkung war eine deutliche, sofort einsetzende 
Wachstumsreaktion, die in Figur 1 graphisch dargestellt ist. Die 
Abszisse gibt die nach der Exposition verstricheng Zeit in Abschnitten 
von 3 Minuten. Als Ördinaten sind die Zuwachsgrössen in ax pro 
Minute für das betreffende Intervall aufgetragen. 
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Fig. 1. Reaktionsverlauf nach Anfangsbelichtung von 220 MKS 
(5 X 0,4 MK. 110 Sek.). 


Auf einen anfänglichen Wachstumsanstieg, der in der Mehrzahl 


-der Fälle deutlich ausgeprägt war, folgt eine beträchtliche Verringe- 


rung der Wachstumsgeschwindigkeit bis zu einem Minimum, das 
meist rasch überschritten wurde, manchmal sich aber auch über 
mehrere Ablesungsintervalle, erstreckte. Nach allmählichem Anstieg 
bis ungefähr zur ursprünglichen Höhe wird dann das Wachstum 
annähernd konstant. Durchschnittlich lag das Anfangsmaximum nachı 
9 Minuten und überschritt im Mittel um 27°/, die ursprüngliche 


I) Braauw, A. H., Licht und Wachstum I, Zeitschr. f. Bot. VI, 1914. 
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Wachstumsgeschwindigkeit; das Minimum lag nach 26—29 Minuten 
mit einem mittleren Betrag von 66°/, der Anfangsgeschwindigkeit. 
Die Reaktion dauerte ungefähr eine Stunde. 

Eine ganz entsprechende Reaktion trat ein, wenn die 4 Seiten- 
spiegel verdunkelt waren und nur '/, der vorigen Liehtmenge durch 
den Ablesespiegel einseitig zugeführt wurde. Maximum und Minimum 
lagen an der gleichen Stelle und erreichten ungefähr dieselbe Höhe. 
Auch die Reaktionsdaner war annähernd die gleiche; in einigen 
Fällen nur trat ein wellenförmiger Verlauf mit einem zweiten und 
dritten Maximum auf und erschien die Reaktion stark in die Länge 
gedehnt 

Diese Gleichartigkeit bei den zwei verschiedenen Lichtstärken liess 
zuerst vermuten, ‚dass die ganze Wachstumsschwankung bedingt 
sein könnte durch die Uebertragung in den Thermostaten, obgleich 
Temperatur und Feuchtigkeit dort dieselben waren wie im übrigen 
Versuchsraum. Die Reaktion trat aber auch auf, wenn die Pflanzen 
vorher 2 Stunden vollständig unbelichtet im Thermostaten zugebracht 
hatten. Anderseits blieb sie aus, wenn eine Pflanze für 10—12 
Minuten aus dem Thermostaten entfernt wurde, nachdem ihre Zu- 
wachsbewegung eine gleichmässige geworden war. Es kann also 


nicht die Uebertragung in den Thermostaten sein, die die Änderung 
in der Wachstumsgeschwindigkeit hervorruft, höchstens wird sie 
dadurch vielleicht etwas verstärkt. Es handelt sich offenbar um eine 
Liehtwachstumsreaktion mit ganz charakteristischem Verlauf. Die 
weitgehende Uebereinstimmung bei den beiden verwendeten Intensi- 
täten liegt wohl darin begründet, dass diese einander doch noch 
verhältnisinässig nahe liegen. Wahrscheinlich würden sich bei 
Zuführung beträchtlich grösserer Lichtmengen eher Unterschiede 
ergeben. Dass der Reaktionsverlauf sich nieht mit Sırkp’s’) Kurven 
deckt, ist nicht erstaunlich, nachdem diese Kurven für verschieden 
grosse Mengen von gemischtem Licht sich als so stark unter einander 
abweichend ergeben haben. Ebenso verständlich ist es, dass die 
Schwankungen in viel engeren Grenzen bleiben und die ganze 
Reaktion in kürzerer Zeit verläuft. Da sie unmittelbar einsetzt, ist 
sie in der Hauptsache wohl als Wirkung der Anfangsbeleuchtung 
aufzufassen. In ihrem späteren Teil muss sie allerdings mehr oder 
weniger stark beeinflusst werden durch die in Intervallen von 3 
Minuten sich wiederholenden kurzen Beleuchtungen. Ohne dieselben 
wäre vielleicht, Voer’s?) Befunden entsprechend, eine Ueberschrei- 


)) SierP, H., 1. c. 
2) Voer, E., 1. c. 
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tung der anfänglichen Wachstumsgeschwindigkeit und länger an- 
haltende Wachstumsförderung zu erwarten, die nun aber durch die 
sich regelmässig wiederholenden Belichtungen herabgedrückt wird. 
Es wird durch diese allmählich eine bestimmte Höhe der Licht- 
stimmung erreicht, indem die Pflanze sich an die regelmässige 
Lichtzufuhr anpasst und zu einem gewissen Gleichgewichtszustand 
gelangt, der sich” in der schliesslich erreichten Konstanz des 
Wachstums äussert. Bei Verdunklung von mindestens 20—30 Minuten 
sinkt die „Lichtstimmung” wieder so weit, dass erneute Belichtung 
wieder eine neueWachstumsreaktion hervorrufen kann. Die Gewöhnung 
an eine bestimmte Lichtzufuhr ergibt sich auch daraus, dass Pflanzen 
nach 1—2 stündiger Beobachtung auf eine weitere Erhöhung der 
Lichtmenge durch eingeschaltete Dauerbeleuchtung von 20-30 
Minuten kaum mehr reagierten. Die Empfindlichkeit erscheint also 
merklich herabgesetzt. 


$ 3. Tropistische Reaktion auf rotes Licht. 


Einer Lichtwachstumsreaktion im Sinne der Braauw’schen Theorie 
mussten phototropische Krümmungen oder doch deren Anfangsstadien 
‘entsprechen, falls die Liehtmengen einseitig zugeführt wurden. Tat- 
sächlich war bei einseitiger, nicht zu schwacher Belichtung die 
Wachstumsreaktion von deutlicher Asymmetrie der Koleoptilenspitze 
begleitet. Diese wurde bei Dauerbelichtung von 30 Minuten ‚schon 
nach 15 Minuten mikroskopisch sichtbar, nach 75 Minuten auch 
makroskopisch deutlich. Nach einer Anfangsbelichtung von 4 Minuten 
und darauf folgender Wachstumsbeobachtung kam es zur mikros- 
kopischen Asymmetrie nach 45 Minuten und bis zur makroskopischen 
Wahrnehmbarkeit derselben nach 1'/, Stunden. Die einseitige Be- 
liehtung wurde erreicht durch Verdunklung zweier Seitenspiegel und 
Einfügung eines weiteren Spiegels zwischen die beiden andern. Die 
zugeführte Lichtmenge (4 x 0,4 MK pro Sekunde einschliesslich des 
Ablesespiegels) betrug im letztern Fall immer noch etwa 600 MKS 
bis zum Eintritt einer mikroskopisch sichtbaren Spitzenasymmetrie. 
Demgegenüber zeigten nur makroskopisch beobachtete Kontroll- 
pflanzen, denen eine bestimmte Lichtmenge in kurzer Zeit zugeführt 
wurde, dass schon viel kleinere Mengen genügten, um sogar deutliche 
Krümmungen hervorzurufen, besonders wenn auf dem Klinostaten 
die geotropische Gegeninduktion aufgehoben wurde. 

Zur genaueren Feststellung, bei welchen Mengen die phototropische 
Wirksamheit des roten Lichtes deutlich wird, benutzte ich Serien 
von 20—25 Keimlingen, die reihenweise in 20 cm langen Blech- 
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kästchen gezogen waren und nur makroskopisch beobachtet wurden. 
Zur Belichtung diente die gleiche Lampe. Die Kästchen wurden, in 
der Längsrichtung etwas schräg aufgestellt, damit die Pflauzen 
einander nicht beschatteten, in einem phototropisehen Kasten mit 
Camera-Verschluss exponiert. Die mittlere Lichtstärke betrug bei den 
meisten Versuchen 0,24—0,35 MK; für die vorderste Pflanze war 
die Intensität je nach der Entfernung von der Lampe 2 bis 3 Mal 
so hoch als für die hinterste. Die kleinen Liehtmengen bis 135 MKS 
wurden in 1'/,—7 Minuten zugeführt, die höheren ın 20— 30 Minuten, 
bzw. 1 Stunde. Nach der Exposition kamen die Pflanzen auf einen 
Prerrer’schen Klinostaten und rotierten im Dunkeln um die horizontale 
Achse, um die phototropische Reaktion rein zu erhalten. Die zur 
Kontrolle des Reaktionsverlaufes unerlässliche Verwendung von 
rotem Lieht wurde aufs äusserste eingeschränkt und streng darauf 
geachtet, dass das Licht stets senkrecht zur Krümmungsriehtung 
einfiel, die Reaktion also nicht verstärken konnte. Die erste Beob- 
achtung machte ich nach Verlauf von 15 oder 20 Minuten, zu 
dem Zeitpunkt wo der sichtbare Reaktionsbeginn zu erwarten war, 
die folgenden in der Regel alle 10 Minuten. 

Die kleinste Lichtmenge, mit der in allen Fällen noch eine photo- 
tropische Reaktion, meist noch deutliche Krümmungen, erhalten 
wurden, betrug 15—30 MKS. Der Schwellenwert für die Erzielung 
einer makrosköpisch sichtbaren Reaktion dürfte bei 8—10 MKS 
ltegen.. Mit dieser Lichtmenge wurden in mehreren Versuchen teils 
ganz schwache Krümmungen, teils noch deutliche Spitzenasymmetrie 
erhalten. 

Zum zeitlichen Verlauf der Reaktion gibt Tabelle 1 einige Daten. 


TABELLE 1. 
Reaktionsverlauf nach Reizung mit verschiedenen Mengen von rotem Licht. 
ERGE 1. pos. Reaktion 2 pos. Reaktion 
Lichtintensität |Dauer der, Lichtmenge — ee ı neg. Reaktion | 
in HK Reizung | in Mks | Beginn ‚Höhepunkt | „ch Min, | Asymetrie u 
nach Min. | | nach Min. 
hmmm —————_—_—_—_—_—_———— hi hu LU um mu 

0,16—0,32 50 Sek. 8—16 15 20 ‘30-40 _ _ 
N 94 Sek. | 15 -30 20 30 40 50 60 
RE IBT. Selsa130 66 15 2 |. 30-40 50 60 
® n 7 Min. 67—134 20 25—30 | 40—50 60—70 90 
0,32 — 0,89 20 Min. | 384—1068 | 15—20 25 —30 45 55 60 
0,047—0,066 1 Std. 169— 238 Bere 77 | 60 25 110 
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Die Reaktion zeigt eine weitgehende Gleichförmigkeit für alle 
untersuchten Lichtmengen. Eine gewisse Ausnahmestellung nehmen 
nur einige Fälle rein negativer Krümmung ein. Nach 15—20 Minuten 
wird die erste positive Reaktion sichtbar, die in der Regel nicht über 
‘ eine deutliche Spitzenasymmetrie hinausgeht. Ihr folgt eine sehr 
deutliche negative Spitzenasymmetrie, welche 30--40 Minuten nach 
Beginn der Reizung ihren Höhepunkt erreicht und abgelöst wird von 
der zweiten positiven Reaktion. Diese beginnt in der Regel 60—70 
Minuten nach der Induktion und führt dann bis zur Krümmung. 
80—120 Minuten nach Reizbeginn fängt in der Regel der Rückgang 
der Krümmung an. 

Eine Abhängigkeit der Reaktionszeit von der Reizmenge, wie sie 
Arısz ‘) festgestellt hat, ist aus Tabelle 1 nicht zu ersehen. Sie besteht 
aber sicherlich in gewissen Grenzen auch für rotes Ticht, denn bei 
ein und derselben Serie setzte meistens die Reaktion in der vorderen 
Hälfte um 5—-10 Minuten früher ein als in der hinteren. Ebenso 
nimmt die Stärke der Krümmung mit wachsender Lichtmenge. zu. 
Dafür sollen in einer ausführlicheren Publikation Belege gegeben 
werden. Das Ausbleiben der negativen Krümmung bei schwachen 
Intensitäten gilt dagegen für rotes Licht nicht. Eine allerdings rasch 
vorübergehende, aber vollständig deutliche negative Reaktion war 
stets festzustellen zwischen der ersten und zweiten positiven Reaktion. 
Wo die negative Reaktion als Zwischenstadium erschien, ging sie nie 
weiter als bis zur zweifellosen Spitzenasymmetrie. Kam es dagegen 
bis zur negativen Krümmung, so blieb die zweite positive Reaction 
aus. Im Widerstreit der beiden Bewegungen wurde also stets die eine 
ganz oder teilweise unterdrückt. Fälle von rein negativer Reaktion 
kamen besonders bei kleinen Liehtmengen (15—60 MKS) vor. Die 
Bedingungen für ihr Auftreten bleiben noch näher zu untersuchen. 
Es mag hier darauf hingewiesen werden, dass ULARK ?) die negative 
Reaktion bei um so kleineren Lichtmengen auftreten sah, je geringer 
die Liehtintensität war. Demnach wäre es nicht überraschend, dass 
bei den äusserst niedrigen Intensitäten des roten Lichtes die negativen 
Krümmungen bei so kleinen Lichtmengen erscheinen. Da sie in meinen 
Versuchen sämtlich bei der Rotation auf dem Klinostaten auftraten, 
werden hier die von Arısz gegen Crark’s Beobachtungen erhobenen 
Bedenken hinfällig. 

Als praktische Folgerung aus diesen Ergebnissen wird künftig noch 


ı) Arısz, W. H. Untersuchungen über den Phototropismus. Rec trav. bot. 


neerl. XII, 1915. 
2) CLARK, O. L., Ueber negativen Phototropismus bei Avena salıva. Zeitschr. f. 


Bot. V. 1913. 
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grössere Vorsicht in der Verwendung von rotem Licht zu fordern 
sein. Auch andere Versuchsobjekte für Dunkelversuche werden erst 
auf ihre Empfindlichkeit dagegen untersucht werden müssen. Besonders 
wo es sich um Reaktionen in der Nähe der Schwellenwerte bandelt, 
wird die Möglichkeit phototropischer Induktion durch rotes Licht zu 
berücksichtigen sein. Genauer als bisher müssen auch die roten 
Ueberbirnen nachgeprüft werden. Als „spektroskopisch geprüft” sind 
sehr verschieden dunkle Rubingläser im Handel, und der Spektralbezirk, 
den die durchgelassenen Strahlen umfassen, erstreckt sich bei etwas 
helleren Gläsern merklich weiter ins Gelb hinein, 

Nach BLaauw’s') Feststellung, dass sogar spektrales Rot tropistisch 
keineswegs ganz unwirksam ist, kann es nicht überraschen, dass 
sich auch mit rotem Licht ausgeprägte phototropische Reaktionen 
erzielen lassen. Unerwartet erscheinen nur die geringen, dafür erfor- 
derlichen Liehtmengen. Wahrscheinlich liegen bei den eingangs zi- 
tierten Beobachtungen von BıAaauw und Voer starke Ueberbelich- 
tungen vor. Arısz?) hat die Menge weissen Lichtes, die die stärkste 
„Maximalkrümmung’” hervorruft, zwischen 100 und 137 MKS. 
gefunden. Es ist zu vermuten, dass sie für rotes Licht nicht höher, 
sondern eher niedriger liegen wird. Bei dazwischenliegenden Reiz- 
mengen würde sich vielleicht eine mehr oder weniger ausgedehnte 
Indifferenzzone ergeben. 

Das Auftreten einer charakteristischen Wachstumsreaktion nach 
allseitiger, wie nach einseitiger Bestrahlung mit rotem Licht spricht 
für Braauw’s Auffassung der phototropischen Erscheinungen. Es ist 
zu vermuten, dass sich auch für diese Strahlen bis zu den kleinsten 
tropistisch wirksamen Mengen herab die Lichtwachstumsreaktion bei 
geeigneter Versuchsanordnung nachweisen liesse. 


Utrecht, Oktober 1920. Botanisches Laboratorium. 


) BLAAuw, A. H., 1909 1. c.. 
%) Arısz, W. H., 1: c. 


Mathematics. — “On the Theorem of Picard.” By Prof. J. Worer. 
(Communicated by Prof. L. E. J. Brouwak.) 


(Communicated at the meeting of June 26, 1920). 


The theorem of Pıcarp on the conduct of a uniform analytical 
function in the neighbourhood of an isolated essentially singular 
point was proved in 1896 by Borkr without the use of the modnlar 
funetion.‘) By this a series of elementary proofs was opened for 
the celebrated theorem. In 1904 ScHhortkyY made the demonstration 
of Borrı considerably strieter.?) He found an important theorem 
on holomorphie and meromorphic functions which are nowhere 
zero and nowhere 1, and on this he founded the elementary proof 
for the theorem of Pıcarv.°’) After. this Lanpau discovered an ex- 
tension of the theorem used by ScHoTTKY‘). The remarkable result 
is as follows: 2f (2) is holomorphie for \z|<R, if it is there 
nowhere zero or 1, ıf further | f(0)|<u, then for |z|<HR, in which 
#e<1, we have | f(z) |< Pu, 0), where D only depends on 9 and u. 
As ScHortky did not possess this proposition, his reason- 
ing is here and there subtile. Elegant proofs of the theorem of 
Pıcarp were given in 1912 and 1913 by Monte, but they are 
founded on the consideration of the so-called normal families of 
Funetions.°) Bernays, who in 1911 quite simply brought forth the 
theorem of Lanpau out of that of ScHortky*), gave in 1913 new 
derivations of Lanpau’s theorem, and investigated at the same time 
the funetion  («), the upper limit for the radius of a circle, where 
the series f=«a—+2-+ a,” + .... converges and nowhere becomes 
zero or 1°). 


1!) Comptes rendus, May 11 1896, part 122, p. 1045—1048. 

2) Sitzungsber. der K. Pr. Ak. d. Wiss., 1904, p. 1244—1262. 

3) l. c. p. 1255 sqg- 

4) Göttinger Nachrichten 1910, p. 309—312. 

5) Annales de l’&cole normale, part 29 (1912), p. 512 and part 33 (1916) p. 251. 
MonteL gives here at the same time a simple proof of the theorem of Lanpau 
(part 33 (1916) p. 517.) N 

6) See e.g. Sitz. ber. der K. Pr. Ak. d. Wiss. 1911, p. 597. 

Levy made this derivation still more simple in the Bulletin de la Soc. Math. de 
Fr., part 40 (1912) p. 25—39. It deserves to be mentioned that in 1907 ScHoTTKkY 
(Sitz Ber. der K. Pr. Ak. d. Wiss. p. 823—840) gave two new proofs of the 
theorem of Pıcarn. They are, however, no more simple than the one of 1904. 

7) Vierteljahrschrift der Naturf. Ges., Zürich, 58 (1914), part 3, p. 203—238. 
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Here follows a proof for the theorem of Pıcarn, which is founded 
on the theorem of Lanvav and which is for the rest elementary. 
1. Let f(e) be holomorphie for |z| < R and let it there become 


nowhere O0 or 1, while n< |/(0)|< u. Then according to the theorem 


of LANDAU: 
yW<|/@)|<sp@W for || SIR 

By p(u) we can understand the upper limit of |/(@)|, when 
lz|< 4 R, for the functions which satisfy the conditions mentioned. 
Then (u) is a monotonely increasing function of wu. We shall prove 
that p(u) increases at a slower rate than a certain power of u. Let 
in the first place u —e?®*, where %k is a positive integer, and con- 
sider the funetion 

L09/@) 
(2k + 2) ai’ 
in which for 2=0 the numerator is equal to the prineipal value 
of Log f(0). %(2) is uniform and holomorphie for |z|<R and 
there nowhere zero or 1, because /(2)Z0 and #1. Further 
|Zog If || + 

BEE DRS 

From e=?#< | f(0)| < e?#* follows | Log | F(O\ |< 2kr, so that | (0)|<1. 

Now the theorem of Lanpau gives 


PB 


2 O|= 


R 
HF Ep forzll a Br 
so that 
IZef@)| <(k+Ü2)rp, for |z| = 
and 


eek | Fe) | <Aaktamm, 
We have therefore: 
perr) <ektYrp for ka positive integer. 
If u be an arbitrary number >1, we can find a positive integer 
k for which 
e X k—1)r u < e?hr, 
Then 5 5 
p (u) SS p (e 2kr)) = e(2k+2?\np = e4rp up, 

For u >1 we have therefore 
| | pn) < aup na. a. Se ae 
in which a =et? and p=o(l,. 

2. Let us now consider a function F(z), holomorphie in a certain 
neighbourhood 2 of O(z=0) with the exception of O. Let there 
exist a neigbourhood of 0, 2° <2 in which F(e)Z0 and Z1. 
We describe a eircle inside 2’ with radius 2 0. 
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Then for |z2|=e we have a certain number gu for which 
1 & 
re) 
u 


in which we may suppose u >1. 

By applying the formula (1) to Fe) in the eireles having the 
different points of the eircumference of the eircle |z| = o as centres 
and e as radii, we get: 


IR fe) and | Fe) -1<am for |2|=8. 
By applying the formula in the eircles with the different points 


of the eircumference of the ceircle |z| = 5 as centres and, as radii, 


we find: 
| Fl) land | F (2) |" <alawp—=arttyur for |2|= an 


Going on in this way we find 


I|F(e)land| Fk) I 1< +’ = 


y 


tie I 
N, le ; nl for || os 


x 


We have therefore 
IF (e) | and | Fe) |< e®” for erg 2) 


in which 
1 


g= Log (ar iu). 
3. Log | Fe) | is harmonical in 2, with the exception of O. 
For O0<|z|<o we have therefore, if we put z=ref: 


Log|F(2)I=4ALlogr + 2 (an cosnd + b„ sin nO) rn. 


Here & 
er 
ma, rr— fe nG . Log | F (rei) | d@ 
T. 
0 
and 
ar ' 
1 
um +b_yr m = „fe nG.Lo.\ Een) |dd , =e=zl E 2 
x 
0 


where O<r<o. r is for the rest arbitrary. 


lf we now put r =, there follows from (2): 
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2n 


Q 
@_n + On HYanv 


om 


2 ..gp’o" 
DLZE Te . . . (3) 


DALkE 

These inequalities hold good, when we choose for v and n arbi- 
trary‘ positive integers. If we take for n a fixed number, so that 
2" > p, there follows from (3) that |a_„| and |d_, | are less than 
any positive amount. From this follows: 

a. bi == 0..when.2r 9: 

The expansion into a series of Log |F(z)) contains therefore at 
most a finite number of terms with negative powersofr. This holds 
also for the expansion into a series of the conjugate harmonical 
function 


and z 4 Dr 


Arg. F (2) = AO + & (— bncosnd + an sin nO) rn. 


For O< |2|<{e we conclude that 
E(2) = ZA. u a a 
in which ı(z) does not have the point 0 as an essentially singular 
point; hence it has there either a pole or an accidental singularity. 
From (4) follows 
ae 
ET 1< 12 SE Sr 
The funetion 1 — F(z) satisfies the same conditions as (2). It 
is holomorpbie in 2, except in O, and for |z2|<{2o it is different 
from zero and 1. For this reason 
Pia 
Far Se 
in which 4(z) has the point either as a pole or as an accidental 
singularity. 


From (5) and (6) follows that a has the point either as a 
pole or as an accidental singularity, so that the same holds 
for F(2), whereby the theorem of Pıcarp has been proved. 

4. The non-essential extension of the theorem, which is as follows: 
“When F«z) is meromorphie in a neighbourhood 2 of O with the 
exception of 0) and when in a neighbourhood of 0, 2’ << 2, it does 
not assume three values a, 5b, and c, then F'(z) is meromorphie in 
2”, appears directly, because the function 
F(@)—a c—Ö 
N 
satisfies the same conditions as #(z) above. 

Groningen, April 18, 1920. 


Duke 


Mathematics. — “On the Motion of a Fixed System”. By Prof. 
W. van per Woupe. (Communicated by Prof. J. CArDINAAL.) 


(Communicated at the meeting of September 25, 1920). 


$ 1. In the discussion of the motion of a plane system the atten- 
tion is usually directed to the locus of the points which at a given 
moment describe a point of inflexion of their paths and to the locus 
of the lines which in their motion at that moment touch their enve- 
lope at a cusp; these loci are indicated as the inflexional cirele and 
the euspidal eirele. The starting point is here the so-called formula 
of Savarr for the radius of curvature of the path of a point, resp. 
for the radius of curvature of the envelope of a curve (ora straight 
line) of the movable system. 

Such a discussion of the singularities in the motion of a fixed 
system in space is not very simple, the expressions for the curva- 
ture and the tortuosity of the path of a point are such that they 
do not invite further conclusions. As far as I know these singulari- 
ties are only dealt with in the well known book of SCHOENFLIES ‘); 
he there draws attention to the remarkable relation between the 
points A of the movable system and the points A’ of fixed space 
when to each point A the point A’ is conjugated which is the 
centre of the sphere of curvature of A in its path, and to the fact 
that in the “inverse motion” A is the centre of the sphere of cur- 
vature of A’ in its path. 

I wish to reach these results in an entirely different way; I shall 
make use of the so-called method of the movable system of axes 
(triedre mobile), for the application of which to kinematies we can 
refer to the text-book of Koznıss ?). In the $$ 2, 3 I shall therefore 
repeat a few well known formulae. 


$2. By Tr(0, X, 7,2) and 7n(0,X, Y,Z) we understand 
two equally orientated right angled systems of axes which move 
relatively to each other. The velocity relative to 7’y of a point 


1) Dr. A. ScuoENnFLIES: Geometrie der Bewegung in synthetischer Darstellung. 


(Leipzig, Teubner, 1886). 


3) G. Koenıas: Legons de Cin&matique (Paris, HERMANN, 1897). 
38 


Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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P(&,1y,2) — i.e. a point with the coordinates «, y, z, relative to 7), — 
is called the absolute veloeity of P, the one relative to 7 the rela- 
tive velocity of /’, the absolute velocity of a point coinciding with 
P and fixed to 7, the convection-veloeity of P; they are resp. 
represented by va, dr, Ym. 


Then 
dx dy dz 
Yp,n — Fri %,,y = q’ %,, = 2 
da \ 
mat a=stgnytZ 
dy 
vy—tUnmy ty entre —pz + er ’ (la) 
dz | 
Var = im: + u = + Dy — GER dt 


where 8,7,£,p,g,r have the known significations of components of 
the absolute velocity of the point O and components of the rotation 


axis when we suppose these two to be dissolved along OX, OY, 0Z. 
If P is fixed to 7, we have 


da 
U, = Per =— 
va me —ä-t 10, PU DE) or (15) 

In the following we shall as a rule indicate the absolute velocity 
of a point fixed to 7), by Um 
Ar Ja is the absolute acceleration of Pa, 9,2), we can express 

Jax, Jay, Jaz in the following way. 

We choose an arbitrary fixed point P, Yo 2.) i.e. fixed to 7, 
and consider the segment ?, P, which is equal and parallel to and 
equally directed with the vector », representing the absolute veloeity 
of P; then according to its definition the absolute acceleration of P 
is equal in amount and direetion to the absolute velocity of P,, 

As ©, + van y, + Vayı u + daz are the coordinates of Pi: 


d 
Ja=5+ a2, + Va) try + day) + BALL + va); 


but the absolute velocity of the fixed point P, is equal to zero, hence 


so that 
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Ava,z 
Jax = —- Er SER en a a | 
or by the application of (1e) 


Fr dq dr 90H 
vater [eo % 


where ei 
vers Be 
a sen 
= (per ytr’ (PH H+tr)@® ++ 29), 


with similar expressions for Jay and Jaz. 
We can also write (3) — formulae of Bour — as 
= m,x + 2 (gr: 
For a point fixed to 7’ 


- J,,x (CoRrIoLis). 


U mx. 
If we understand by JE the absolute acceleration of the second 


order of P(x,y,2), i.e. the vector of which the projeetions on the 
fixed axes are: 


) _ Yan 2 _Yayn a0 _ Ua: 
ag: an, * Jo,z = 

it appears in the same way that 
2 dJ B 

A = n 4 qJa,z = r Ja,y 
and more generally 

(n—1) 
n dJa,z — — 
I ni N 


We call attention to the fact that for each value of n the ex- 


pressions for u Yi Ya are linear in ©,y,2 
Remark. The preceding formulae may be simplified by making 
the axis OZ coineide with the instantaneous screw-axis; in this case 


Se 


$ 3. If we call the motion of 7, relative to 7% the direct motion, 
we understand by the “inverse motion’ the motion of 7’; relative 
to 7; here the convection-velocity is therefore the velocity relative 
to 7» of a point fixed to 74; we shall represent this velocity 
by on 

ee: Pa, Y 2) be fixed to 7, then ae to (1@) 


0) 
mm t+ BB my+ u y Umz + Ym,z 


38* 
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or 


(i) B (?) 3) Det 
Im, — — Imar , Ym ya my Oma Zone rer (5) 


$4. We now assume 7, to be connected with a fixed system. 

It is required in the first place: 

to find “the locus of the points deseribing a point of inflexion in 
their paths — i.e. their paths relative to 7.” 

The projection of the acceleration of a movable point on the 
binormal of its path is always equal to zero; if also the projection 
on the prineipal normal is to be zero, it is necessary and sufficient 
that the radius of curvature of the path be infinite'), in other words 
that the point deseribe a point of. inflexion in its path. A point 
deseribes therefore a point of inflexion when the veloeity and the 
acceleration are equally directed, hence when A can be determined, 
so that 

Ja, — Ava = Jay — Ada,y = Ja — Ava —=0, 
or, because we consider only points fixed to 7,,, so that 
Im, Alm, Im,y— tm, y= Im,z — Anz =. 

From this we find — see (15) and (3) — 

_A.@) _ 48,0) 4,4) 


RI re 
where A,@), A,(), A,(2) and A(A) are functions of the third 
degree in A. 

The locus is therefore a twisted cubic. 

If we make OZ coineide with the instantaneons screw-axis, 
we have 


Be ee, 


Im, — —rY, Umy—ra, m: L, 


d d 

Im = Pay 27 
dr dr dp 

I = — — pr RB ——2 — 
1Y Er Re 
d& dd dp 

J za — — — Vi — — 
ee Jar +Y% 


dp\? dgq\® 

Aß)=— r — “ 
lee 

') Here it is assumed that the point moves; the cases where at the moment in 


consideration either the whole fixed system or a line of points is at rest, might 
be treated separately (with little diffieulty). 


a Go 
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while A, and A, are functions of the second degree in 2 and only 
A, contains the third degree of 2 (the latter on the supposition that 
neither 5 nor r is equal to zero). 

Hence x, y and z become only infinite for A —= ® and that in such 
a way that 

Bin ae lım 
mot mw 

The locus of the points of inflexion is in general (i.e. unless £ or 
r is equal to zero) a twisted parabola, which is osculated by the plane 
at infinity at the point at infinity of the screw-aris. 

In case r is equal to zero, the motion at the moment in eonside- 
ration is a pure translation; v„, and %,y are in this case equal to 
zero; if P(x,y,z) is to deseribe-a point of inflexion, it is necessary 
and sufficient that also J„. and Jny are equal to zero. 

If the motion at the moment considered is a pure translation, the 
locus of the points describing a point of inflexion is a straight line: 

dr dg 2 0 


EN 


ER Ti 
d d d 
© De Ei A) 
dt dt dt 


If at the moment considered {= 0, the motion is at that moment 
a pure rotation. The equations of the locus in question are in this 
case | 


r’ (a + a en le: ee 
dt dt dt 
If the motion at ihe considered moment is a pure rotation, the 
locus in question is a parabola in a plane parallel to the azıs of 
rotation; finally the following cases are excepted to this: 
dp dg d ds dy f BAR L 2 
mr vr or Z 0; the locus in question is a cylinder 
of.revolution through the axis. 
ee FR ER IE 0; there are besides the instantaneous 
Frand dt dt 
axis of rotation no points which describe a point of inflexion in their 


0 


paths. 


$ 5. Let in the second place be required: 
the locus of the points the paths of which have at the moment 


considered a stationary plane of osculation. 
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We remind'') that the distance from the point («+ Au, y+ Ay, 


As? 
z+ Az) to the plane of osculation at / is equal to + (Gert .). 


1 1 0; 
where — and —, represent the curvature and the tortuosity in Pand 


7, 
FR approaches to zero. at the same time with As; a stationary plane 
s 
IE 
of osculation appears therefore only when BT" equal to zero (i.e. 


besides at the points of inflexion there, where the tortuosity is equal 
to zero). 

We calculate the projections at Fe J® of the acceleration of 
the second order on the tangent, the principal normal and the binormal. 
If @,a,,«, are the cosines of te angles which these make with the 
fixed X,-axis, we find from: 

v’ dv 


Ja, een 


by the application of the formulae of FRENET—SERRET 


(e) Ey d’v v’ ” 3v do v?’ dR v’ 
kn = — x ll ee er — u nn m _—— 7 
Gare dns, RA Ren he 


Hence 


Be v’ (2) __9v dv v’ dR (2) v’ 
u ae Re na ma 


In the motion relative to /y of a fixed system connected with 


(3 N 
Ta,/ m, iS therefore equal to zero in those points where the plane 
of oseulation is stationary and inversely, because — at least in the 


general case — no points appear where », is equal to zero. 

The veloeity being directed along the tangent and the acceleration 
(of the first order) Iying in the plane of osculation, this plane is 
stationary at those points and at those points only where the velo- 
city, the acceleration and the acceleration of the second order lie in 


)) See e.g. L. P. Eisen#arr: Differential Geometry (Ginn and Co, Boston) p- 21, 
Ex. 10. If we lay the axes OX, OY, 0Z along the tangent, the principal normal 


and the binormal at an ordinary point of the curve, this can be represented for 
sufliciently small values of s by: 


Be CRM ir DEU AR la’ 1 1 1 
GRE.U ER de. or ee En wet 


C=S 


A as a ar 
FeRT ee a En 


595 


the same plane. For the loeus in question we find therefore. the 
surface represented by: 


Um,x Um,y Um,z 
mx Imy Imz =. 
(%) 2) 2 
| Mm,x n Is 
The locus of the points the paths of which have at the considered 
moment a stationary plane of osculation, is a surface of the third 
order. 
In the same way we show that the locus of the points the paths 


of which have at the considered moment a contact of the fourth 
order with the plane of osculation, is represented by 


Um,x Yn,y Um,z 

OS N 
ae 9 
ee, 


i.e. to this locus belong the common points of the four surfaces of 
the third order of which the equations appear by successively omit- 
ting a ray out of the above-mentioned matrix. The required locus 
is therefore according to a well known theorem of the determinants 
the curve of intersection of 


Um,x Um,y Um,z Unm,x Imy Imz 

Im, X Im, Y Im, 2 == 0 and In, Pr) Im, y Im, z 4) 
(2) (2) (2) (3) (3) (3) 

Im, x Im, y Im, z Im, % Im, y In, z 


provided we do not count the points defined by 


Um,x Um,y Un,z 
Im Imy JIme 
i.e. the cubic we found before as the locus of the points of inflexion. 
The common points of the four cubical surfaces form therefore a 
twisted curve of the sixth order. 

The locus of the points of which the paths al the considered moment 
have a contact of the fourth order with the plane of osculation, vs 
a twisted curve of the siwth order. 


=0 


66. Let Pfx,y,2) be a point of the fixed system connected to 
T,„ aud P’(«',y',2') the centre of the sphere of curvature of the 
path of P; in this case P’ has the characteristic property that the 
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normal plane in /° coincides with the plane of osculation in 2’ of 
the curve which is the locus of /’, when 7 describes its path. P’ 
lies therefore always in the normal plane of P, while the veloeity 
and the acceleration of P’, which lie both in the plane of oseulation 
of P', hence in the normal plane of P, are perpendieular to tbe 
velocity of P. Hence 


(«—x) Un, x + (y— Y) Un,y Sr (z 37 2 Um,z — 0 
YUm,z dax + Umy Va,yı 7 Umz Va a,2' — —a Ze 
Im, x Ja, x = Um,y Jay 4 U m,z Ps 0 = 


where v.,.. must be determined out of (1a), Ja) out of (3). 
If we write the first of these equations thus: 


(7) 


a Um,x + Yy Um,y + z' Im,z —# Um,x +4 Y’m,y 4 lm, z 
and if we substitute in the second member the expressions fOr vr, 
Ym,ys Um; from (1b), we find 


Ki YUn,st y Um,y +2 Un,2 = Se+ NY por (8a) 


We write the second of the equations (7): 


' N da’ n - dy' 
Uma| s+g.—ry + Er +imylntr« +) + 


ade 
in ,z 6 +Py—g2+ =) — hl 


and subtraet from this 


FE dy' dz' FE dun,y dv 
SR ' , r , 1 Mt 
je tm en a: ed Fre den 
ds dı dd 
RZ + Y = z = 


which appears from (8a) through differentiation. 
If we now keep in mind that: 


Im;a = ı = —: Yon, — PO, Yy 


it appears that 


de dr dc 
@ Im, 3 ug Y'/m, Y + 2m, 2 = a == ‚+7z + 22 + Sum,z En Nom, y + Conze 


or 
Int Ya t et yrte.. (B 
where ei) =——- +g-m 


If we finally write the third equalion of (7) 


WERT RS 
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dva,z' Va = 
Unm,a FUN + Wa, — Nda,y' + YUny + Pva! — Pay! | + 


dva,r' 
+- Um Hy gr) =0 


and subtraet from this the equation that he from the second of 
(7) by differentiation, it becomes in the first place apparent that 
we can replace the third of (7) by 

Va, Im + Va,y' Jm,y + day Img = 0, 
which can also be seen directly. 

For the locus of P’ is the euspidal ceurve of the developable 
surface described by the polar axis (axis of curvature) of the path 
of P, which is always perpendieular to the plane of oseulation in 
P, in which lie the velocity and the acceleration of P. 

We tind therefore again 


Va,ı’ Una 4 Va,y' Ymy + Va,z! Um, 0 | 


Va,x’ Im;x er Va,y'’ Imy =: Unz! Im = U 


If we now write the latter equation 


Ine(& + a er + man + re’ — pe + — =)+ 


dz' 
+ Imyz ( + py Fo ge! + =) el 


and subtract from this the equation that is found from (85) Hana 
differentiation, we find 


d d ds 
eilt n+:,)- 


_ (# Be er = 2 ) ...(8e) 


dq 
= eye 1207 
dt? I ul dt 2: ar 


(see for the meaning of H $ 2). 
Through the three equations 
a Um,x 4 Yıny r Z Oz 1 it +% 


! 2 SI , 
a mx ann Y my + 2 /mz = 5 — 25 @ Be (8) 


rg Here 


(#) d’E d£ dn =s 
== | dt nn 08 


dr oHfs, 2 


a cubieal correspondence is defined between the points Pa, y, 2) 
2° (#,y,2). Hence: 
there exists a cubical correspondence when a point P of the system 
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fixed to T,, and the centre P’ of the sphere of curvature which has 
a contact of the third order with the path of P relative to Ty, are 
conjugated to each other. 


$ 7. We direetly find again the locus of the points the paths of 
which have at the considered moment a stationary plane of oseula- 
tion; they are those points P of which the conjugated points P’ 
lie at infinity, hence the points defined by 


Un,x Um,y Um, z 
Im, x In, y Jm, z = 0. 
(2) (2) (2) 
In, x m,Yy Im, E3 


Now we require 
the locus of the points P the paths of which have with the cireles 
of eurvature a contact of the third order (i. e. four points in common). 
To such a point P not one single point P’, but a line of points 
P’' is conjugated; they form the Singular points of the transfor- 
mation through which the points of the space (P) are transformed 
into those of the space (P’). This loeus is therefore defined by: 


Un,z Un,y Un,z > & 
() 
Im, x Im, y In, z 22—2> 5 =) 
(2) (2) (2) ds () 
Im, x e m,Y m,z 32:5: 020 


In the same way as in $ 6 it appears that: 

The points of the system fixed to_T., the paths of which have with 
the circles of curvature a contact o the third order (four points in 
common), form a twisted curve of the sixth order. 


Let it also be required to find those points P of which the paths 
have at P a contact of the fourth order {five points in common) 
with the spheres of curvature. 

if a point P is to belong to this locus and if P’ is to be the 
centre of the sphere of curvature, we have ') 


| Ya, day =dU2—0. 
The coördinates of P must therefore satisfy besides (8) also the 


equations resulting from them by differentiation and by the substi- 
tution of | 
da' ' 


dy 
en ' ! 2 a ' 
Turn (+ 1 ry), ARE A+rs pz), 


.') See the concluding remark. 


= 
lf however we differentiate (8a) this substitution gives us only 
(85); from (85) results in the same way (&c); from (8c) we find 


’ (3) (3 ' 3 d d ; 
Ey 
* ı dt dt 
or - 
(3) et, a: i 
«' m + Y 4 In A, = >33 CA On Bo (84) 
where the expressions for the coeflicients 4, u a are rather 


extensive, but easily calculated. 
For the required locus we find accordingly : 


Um Um,y Un,z P37, 
a SR 
2 2) d Bert al) 
Den Ber: 95: = SE 
3 3 3 
nn Az 


The points P of the system fixed to T the paths of which relative 
to T; have with the spheres of curvature in P a contact of the fourth 
order, form a surface of the fourth order. 


68. It is clear that we shall find the same results when we 
consider the singularities of the inverse motion; at present we men- 
tion especially that a cubical correspondence will exist when we 
conjugate at a given moment a point P’ of fixed space to the centre 
P of the sphere of curvature of the path that P’ describes relative- 
ly to Tu. We shall discuss the latter eubical correspondence 
more closely. 

The condition that P’(w’,y’,z’) shall lie in the normal plane of 
the path of P(a,y,2) relative to 77 is expressed by the first of the 
equations (7): 

(2 — &) Um + (y’—Y) Umy + (22) Un: = 0. 

Now 

(2’— 2) um + Y—Y) Uny + @'—2) Im: = @—e) (8 + ge—ry) + 
+ (Y—y) (n + ra—p2) + (2) (E + Py— yo) = 

(@—a)(E + ge! ıy) + Yy) ln + ra'—pz)) + 2) + Py—ge), 
hence according to (5) 

(«' — x) Um,x + (y—y) Um,y + (2'—z) Pr («—«') un 
+ my + ee) me 
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We can therefore also write (7): 
6) n „@ n „(d 
(.—%) Una 2 y-y) on +f2-2) Don,zt — Et 


that means, in the inverse motion P lies in the normal plane of tlıe 
path of the point ?’ fixed to 7%. 

If at any moment in the direct motion P’ lies in the normal plane 
of the path of the pomt P fixed to T,, then in the inverse motion 
P lies in the normal plane of the path of the point P’ fixed to Ty. 


We have already seen that the condition for P’ to be the centre 
of the sphere of eurvature of the patlı of P in the direet motion, 
is expressed by the equations (7) or (8); what are then the conditions 
for P to be the centre of the sphere of eurvature of the path of 
P’ in the inverse motion ? 

The equation of the normal plane of the path of P’ in the inverse 
motion is 


(Ka) on HF (Ze en 


the centre of the sphere of curvature of the path of P’ is therefore 
defined by this equation and two more derived from it by differ- 
de du. .de 


entiation with respect to ; for —, —_, —_ 
p Mesa 


the values must be taken 


which follow from 
Va Z Vay' = Var = 0 
for instance 
d«' 
ne —($+g > ry/'). 

In order to express that P (x, Y,2) is the centre in question, we 

must substitute 
lea T=yZ=z, 

But then (10) is transformed into (8a), and we have already seen 
that in the way indieated before the equations (85) and (8c) appear 
from (8a) ($ 7). Hence: 

If P' is the centre of the sphere of cwrvature of the path of P 
in the direct motion, P is the centre of the sphere of curvature of 
bie paih of P’ in the inverse motion, in other words the cubical 
transformation is reversed together with the motion. 

We can go one step further. 

The locus of the points P fixed to 7, the paths of which relative 
to T; — hence in the direct motion — have a contact of the fourth 
order ($ 7) with the spheres of eurvature in P, is at any moment 


601 


a surface O0, of the fourth order ($ 7); in the same way a surface 


Or of the fourih order will be the locus of: the points P’ the paths 
of which in the inverse motion have a contact of the fourth order 
with the spheres of eurvature in P’. 

The former of these surfaces was determined by joining to (8) 
the equation (8d), which results from (8c) through differentiation, 
20 1: 02° 
di’ dt’ dt 


when for the values are substituted following from 


Var —Uy = dar —N 
Now we do not require O';, but the locus of the points P that 
are the centres of the spheres of eurvature which have with the 


path of a point 2’ of Or in the inverse motion a contact of the 
fourth order. 
The normal plane of the path of P’ has for equation: 


NO= (X a) on + Fy)ooy + Z2)o4—0 . (10) 
the centre of the sphere of eurvature is found from: 
dN® d’N% 
MI ea a0, 2 B 
Eru 78 IK. i (11) 


the eondition that this sphere has with the path of P’ a contact 
of the fourth order is expressed by 


d’ N“ i 
a a) 
{ de’ dy' dz' 4 
while — , —, — are determined from 
dt dt dt 
Va, — Va,y! —: Va, — 0 


The locus in question is then found by eliminating «, y', 2’ from 
(11) and (12). 
In the same way however -- for the first member of (10) is 


identical with that of (8) — we have produced the surface O„; the 
locus in question is therefore On. 

In the direct motion a surface Om of the fourth order ıs the locus 
of the points fixed to T, the paths of which have five points in 
common with the spheres of curvature; in the Same way in the inverse 
motion a surface O'r of the fourth order is the locus of the points 
fixed to Ty the paths of which have five points in common with the 
spheres of curvature; the points of O„ and O'y correspond in the 
two cubical correspondences, so that e.g. in the direct motion a point 
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P' of Oyis the centre of the sphere of curvature which has five 
points in common with the path of a point P of Om. 


CONCLUDING REMARK. 


In $ 7 we remarked: 

If a point P describes a twisted curve y and the point P’ the 
curve which is the locus of the centres of the spheres of curvature 
of y in P, the condition that such a sphere has with y a contact 
of the fourth order is expressed by putting the velocity of P’ equal 
to zero. 

We shall briefly indicate the proof of this proposition. 

If we represent 7 by the equation developed in $ 5 (footnote), 
and the sphere of curvature by 

dl 


2’ + y’+ a Be 


we find for the condition for a contact of the fourth order 


Rd rl =o 
Er |T Al ET We 


and for the arc described by P’ (see e.g. Braxchı-Lukar: Vorlesun- 
gen über Differential-Geometrie, I, zweite Auflage, p. 25) 


d, 


I 


R d dR 
ds’ — vu. d— — —IT— |. 
; Br KR ri) 
1 


From vo. = 0 follows d,—= 0 as AT =® is excluded. Inversely 
d, is only equal to zero, when vos’ is equal to zero, as for 0 


Va, becomes generally infinite and d, differs from zero. It would 
lead us too far if we entered further into this. 


Zoology. — “On the larval development of Oxyuris equi (Schrank)”. 
By J. E. W. Inık and 8 J. van OorprT. (Communicated by 
Prof. SLUITER.) 


(Gommunicated at the meeting of May 29, 1920). 


The only treatise known to us‘) on the larval development of 
Oxyuris equi is the one by Raınıer and Henrr (1903). In this 
article two different forms of larvae are described: 1. those, having 
a length of about 5—10.5 mm. and 2. those measuring 5—6 mm. 
The posterior extremity of the body differs in these two forms. In 
the former the anus is situated rather far from the posterior extre- 
mity, in the latter this distance is shorter. In neither forms gonads 
are formed as yet. 

On the ground of the above and also because the second form 
occurs less often, RaıLnıer and HExrY are of the opinion that the 
former represent female, the latter male larvae. In certain characters 
(the presence of cuticular rings, of rectal glands and of rectal muscles) 
they correspond to adult Oxyuris-specimens, in many others they 
differ. Both larval and adult Oxyuris live free in the colon and 
coecum of the horse. The larva found by the French authors “parait 
etre simplement une forme larvaire de l’Oxyurıs egqui (Schrank), ou 
mieux une forme immature, 'qu’une derniere mue doit amener & la 
forme adulte’” (RaıtLıer et Hrsey 1903, p. 137). When the number 
of moults of Oxyuris corresponds to that of many other Nematodes, 
this is the fourth and latest moult, according to the investigations 
of SeurAt (1914). 

In the material, collected by the commission, charged with the 
Scelerostomiasis-inquiry in Holland, we found the larval forms, 
described by Raıumer and Huney in many specimens, taken from 
different horses. In order to judge of the correctness of the opinion 
of the French authors, holding that the imaginal Oxyuris originates 
from this larval form by a last moult, we had to look for moulting 
specimens in the first place. We succeeded in finding a good number 
of such specimens, and so we could make out with certainty that 


1) Perroncıto’s article: *Sviluppo degli Oxyuridi”, Giorn. Acc. Med. Torino. 
Vol. 6, 1903, was not seen by us. 
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Raırıırt’s and HEnrY’s opinion is correct. A more detailed description 
of the male and female larvae and of the anterior extremity of 
young imaginal and of moulting speeimens of Oxyuris equi follows 
here. 

The larval form. 

The length of the smallest specimens, observed by us, is about 
2.8 mm.; the diameter of these specimens is # 250 u at the level 


Br n ” Rn 
ere:enb 1% nr 
MUSC. BE: 

PRESS T N EB 
r.8. Ta 
ER: 


\ EREN 
Rist. Fig. 2. 


Fig. 1. Posterior extremity of a female larva, viewed from risht side 
’ t x 
length 6.11 mm., catch N’. 37. X 75, rieht side Total 


Fig. 2. Posterior extremity of a male larva, viewed fr j £ 
’ om right 
length 4.93 mm., catch N°. 37. x 120. right side. Total 
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of the anterior part of the body, # I50 u in the middle of the 
body. So in the front part they are much thieker than more back- 
ward at the level of the middle part of the body. Later on this 
differenee disappears: the straight truncated anterior extremity (fig. 3) 
of the almost eylindrical body is then even somewhat thinner than 
the middle part of the body, which has the appearance of the broken 
point of a pin. The posterior part of the body is tapered, represent- 
ing a sharp enutieular point in the male as well as in the female. 
In the male specimens of two different catches, in which a large 
number of larval, moulting and adult Oryuris oceurs, this point has 
a different length. In the one catch (No. 37) it is 230—300 u long, 
in the other (No. 42) 320—340 u. In these eatches the length of 
the euticular point of female larvae differs still more, however. In 
catch No. 37 it amounts to 140 —160 u, in catch No. 42 10 200— 250 u. 

These differences in measurements we have also found in the 
length of the moulting male and female specimens. The male moult- 
ing larvae of catch No. 37 are 7.5—8 mm. long, those of No. 42 
only 5.6—6.4 mm. The lengths of the female moulting speeimens 
are 10.25—I1 mm. and 7.5—9 mm. respectively. The adult speci- 
mens of these catches belong in the first case to the mastigodes-, 
in the second to the curvula-type. Perhaps the measurements stated 
support the opinion that Oxyuris equi (curvula) and Oxyuris masti- 
godes are independent species. 

As Raıtuıet and Henry have remarked already, the male and the 
female larvae are distinguished by the difference in shape of the 
posterior end of the body. The distance of the anal opening from 
the posterior extremity (the eutieular point included) is much longer 
in the @ than in the 2. Figs. 1 and 2 explain this.- The part ofthe 
body, situated between the anal opening and the cutieular point 
decreases strongly in thiekness in the male, gradually in the female. 
The shape of the eutieular point is the same, but in the this point 
is somewhat longer than in the 2. For the measurements to compare 
the following table (see page 606). 

From this table it follows that the ratio between the lengths of 
the part of body situated between the anterior extremity and the 
anal opening and of that part situated between anal opening and 
eutieular point remains about the same during the growth of the 
larva and that in the 34 it is almost half of that in the ??. 

The eutiewlar rings of the larvae differ in breadth. In the anterior 
part of the body they are broader than in the posterior part. 
In the smallest larvae the breadth amounts to about 16—28 u, 
in the largest larvae, just before the monlting stage, to # 60 u 
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BR | N ee FEN ante- | Length anal Ratio 
a 
| | | in mm. (l) | (2) | 

7 | d | ER ER 0.09 

37 > | 5032, 4 42 0.41 0.09 
42° > | 3.13 | 2.77 0.36 0.13 

42 5 I 0.36 0.11 

42 ee: 04 0.12 

42 RETTEN RE 0.43 0.11 

37 e | 4.6 3.8 0.8 0.21 

37 > | 6.11 5 1.11 0.24 

37 » | 9.05 7.6 1.45 0.19 

37 > | 10.7 88 1.9 0.22 

42 > a > 2.22 0.61%.1° 10.90.29 

42 > | 3.67 3, 0.6 | 0.20 

42 | > | 5.01 4 01 02 

42 s | 6.14 5 1.14 0.23 


(eateh N°. 42) and #75 u (catch N°. 37). So the breadth of the rings 
increases with the age of the larvae. However, after moulting, the 
rings of the young Oxyurıs-specimens are much narrower. 

The mouth-opening, situated 'terminally, is round (fig. 4a) and 
not hexagonal. as is the case in adult specimens. Aceording to Raıt- 
uıet and Henry the mouth-margin is divided into twelve lobes. 
However, this could not be ascertained by us. The mouth-opening 
opens into a very short mouth-cavity (fig. 3). Behind the latter lies 
the pharynx (according to Marrını’s nomenclature (1916), generally 
called oesophagus). In imaginal specimens (fig. 5) we can distinguish 
a corpus, an isthmus and a bulbus in the pharynx, according, to 
Marrısi. In the larvae, the pharynx is still short and consists of two 
parts, which can be compared to the corpus and bulbus of the adult 
worm, as will be evident from the following. 

The corpus pharyngis is about half eylindrical in shape in optical 
section (fig. 3, c.ph.w.). If we look at the pharynx im the direction 
of the longitudinal axis (fig. 4), we see that the corpus is triangular, 
the wall being bent inwards dorso-medially and latero-ventrally (fig. 
4,5). In the anterior part of the pharynx the lumen widens dorso- 
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laterally (c) and ventro-medially, and becomes narrower from this place 
backwards. Here the lumen becomes tri-radiate in transverse section 
through the presence of one large dorso-median and two latero- 
ventral thickenings of the wall, the pharyngeal sectors (e), this being 
the case in the pharynx of all adult Nematodes. On the three parts 


Fig. 3. Anterior extremity of a larva, viewed from ventral side. $, total 
length 4.6 mm., catch N”. 37. x 120. 


of the pharyngeal wall (e), protruding inwards, we can observe different 
teeth close behind the mouth-cavity (fig. 4). On the dorsal wall a 
double tooth is situated medially; both Jatero-venfral walls possess 
two small teeth: the one being situated morg, dorsally, the other 
more ventrally. The two teeth, situated most ventrally, touch in the 


median line. In the larva, represented in fig. 3, the six pharyngeal 
39* 
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teeih were not all distinetly visible; for this reason only the dorsal 
tooth and a lateral one are drawn. 


Fig. 4. 


Fig. 4. The mouth-cavity and the corpus pharyngis of a female larva, 
viewed from before. The dorsal side lies at the top’ of the figure. Note 
the teeth on the three pharyngeal sectors. The letters a—e of fıgs. 3 and 4 corre- 
spond. Catch Scl. 88. x 250: 


The bulbus pharyngis follows after the corpus pharyngis ; its lJumen is 
also strongly narrowed and tri-radiate in transverse section. The nerve- 
ring. surrounds the bulbus. In the preparations, rendered transparent 
in glycerin or creosote no distinet limit is visible between the nerve- 
ring and the muscles of the body-wall. To the left and to the right 
between the bulbus and these muscles the first two lateral cells 
(Marrını 1916, p. 367) are to be found. At its posterior extremity 
the bulbus pharyngis possesses three valves, protruding into the wide 
lumen of the intestine. An oesophagus, composed of some cells in 
the adult Oxyuris, according to MArTıSı, is not visible in our total 
preparations, as they are only rendered transparent and not stained. 

Gonads are not visible in the larva, according to RAILLIET and 
Henry. In our younger specimens they are not distingnishable either, 
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but in older larvae, on the point of moulting, we observe elose behind 
the excretory pore, situated ventrally, a distinet uterus and vagina. 
To mention some measurements: in a larva with a total length of 
10.25 mm., the excretory pore lies 3 mm. from the anterior extre- 


b.ph. 


Bis... 
Fig. 5. Anterior extremity of a ?, having just moulted. Total length 9.2 mm., 


‚catch N?. 42. 13: 


mity and the vagina 0.75 mm. more backwards; in a larva 9.2 
mm. long the excretory pore lies 2.7 mm. from (he anterior end, 
the vagina 0.62 mm. more backwards, whereas in a larva having 
a total length of 7 mm., in which the distance between excretory 
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pore and anterior extremity is 2.45 mm., a vagina is not yet visible. 

The moulted worm. 

The moulted immature Oxyuris agrees in all respeets with adult, 
full-grown specimens and is at once distinguishable from the larval 
form by the possession of a long stretched pharynx. Fig. 5 shows 
us a moulted, but not yet full-grown specimen, having a length of 
9.2 mm. (catch N’. 42). The hexagonal month-opening opens into 
a small mouth-cavity. In this cavity three obtuse teeth are visible, 
sitnated in the three secetors of the corpus pharyngis. Behind these 
teeth lies a eircle of very pointed bristles. In fig. 5.these three teeth 
and the optical section of the bristle-eirele are indicated. The corpus 
pharyngis gradually passes over into the isthmus, which is much 
narrower, this isthmus again into the bulbus, which is about equally 
thick as the corpus. The pharyngeal lumen is much narrowed and 
tri-radiate in transverse section, as is also the case in the larval 
form. The posterior extremity of the bulbus also possesses three 
valves protruding into the lumen of.the intestine. An oesophagus in 
Marrını’s sense is not visible. The pharynx of £ and $ shows no 
differences. 

The moult. 

How does the pharynx of the form, just described, originate out 
of that of the larva (fig. 3)? Numerous moulting specimens enabled us 
to trace this and we could study the prolongation of the pharynx 
in particular. Moulting specimens can be at once recognized by the 
fact that beneath the old cuticle of which the rings are of a con- 
siderable breadth (60—75 u), the new cutiele with very narrow 
rings (+ 12 u) is visible. 

In specimens, on the very first act of moulting, the larval pharynx 
is still present without change. Then the part of the bulbus, Iying 
immediately behind the corpus lengthens markedly, and forms the 
isthmus in this way. Originally the lateral cells lie to the left and 
to the right of the bulbus. During the lengthening of the bulbus 
they remaın in their place. The corpus too lengthens a little, but not 
so markediy as the bulbus; and so the lateral cells come to lie near 
the transition of corpus and isthmus in moulted speeimens (fig. 5). 
We possess a preparation of a stage, in which the longitudinal 
growth of the bulbus has just started, but where the corpus still 
has the larval shape. The first anlage of the isthmus has been formed 
already. So the corpus lengthens later than the bulbus, through the 
outgrowth of which the isthmus is probably wholly formed. The 
prolongation of the pharynx takes place quickly: the different stages 
mentioned above, occur in specimens of about the same size. ; 
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A more advanced moulted stage is represented in fig. 6. Beneath 
the old cuticle, which encloses the body anteriorly the new ceutiele 
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Fig. 6. 

Fig. 6. Anterior extremity of a moulting female. Beneath the larval cuticle 
with broad rings the imaginal cuticle of the adult. The imaginal rings are so 
narrow that they could not be drawn at this low maßnification (X 75). The 
released cuticular lining of the larval pharynx is visible. Total length 8.8 mm., 


catch N’. 42. 


is found. The cutieular covering of the moutl-cavity and of the 
corpus pharyngis of the larva is distinetly visible in front. Before 
the pharynx lies the imaginal mouth-cavity, in which one pharyngeal 
tooth is visible. Behind it lies the corpus pharyngis, gradually passing 
over into the isthmus, which again continues into the bulbus pharyngis. 
The front part of the body of moulting 4 and 7°? presents no 
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differences. As has been mentioned the moulting “7 are smaller 
than the 22. The very marked differences present in the posterior 
part of the body of dd and $%, also oceur in the moulting dd‘ and 
2°, In both the eutieular tail-point is thrown off together with the 
old eutiele. In preparations of the moulting ?, we see the long tail, 
somewhat rounded at its extremity, beneath the old eutiele; the 
distance between ihe anus and the extremity of the tail is rather 
considerable here. In the monlting Z however, this distance is small and 
here the posterior part of the body shows already all phenomena 
deseribed in detail by Rainer 1883, Enuers 1899, and Jerks 1900. 


Zoological laboratory of the Veterinary College. 
Utrecht, May 1920. 
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ABBREVIATIONS. 


an. = anal opening. 

C:O, "= mouth-cavity. 

cut. = imaginal cuticle. 

l.cut. = larval cuticle. 

cp. = larval cuticular point. 

ent. = intestine. 

°C. = lateral cells. 

M. = margin of mouth. 

musc. = muscles of the body-wall. 
MY. = rectal muscles. 

N. = nerve-ring. 

c.ph. = corpus pharyngis. 

i.ph. = isthmus pharyngis. 

b.bh. = bulbus pharyngis. 5 
e.ph.w. = wall of the corpus pharyngis. 
V. = rectum. 

rg. = rectal glands, 


v. = valves of the bulbus pharyngis. 
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Physics. — “The Limit of Sensitiveness of the String-galanometer”. 
(24 communication). By Prof. J. K. A. WerTHRIm SALOMONSoN. 


(Communicated at the meeting of June 26, 1920). 


In the meeting of June 26th 1918 I read a paper in which I showed, 
that the sensitiveness of the Einthoven-galvanometer was limited by 
the elasticity of the material of the string. At the same time I stated 
that the actual limit was never reached. The theoretical liminal 
value in every case was much smaller than the actually observed 
value, except with very thiek strings. There seems to exist a simple 
cause for this fact. It is not only the elastieity of the perfeetly 
velaxed string that causes the deviated string to resume its original 
form and position of rest after stopping the eurrent through it, but 
also gravity. As the exact form of a deviating totally slackened 
string is not the same in every case, and cannot be exactly repre- 
sented by a formula, it is only possible to approximately calculate 
the influence of gravity. We can do this in the simplest way. by 
assuming that the string is suspended in a homogeneous field of A 
gausses; that it bends in the point of suspension without any resi- 
stance or frietion; that the lower current bearing connection is 
equally free from resistance, frietiion and mass; and finally that the 
string is straight and rigid and does not change its form. If the 
length of the string be /, the diameter d, the density of its material 
y and the gravitational constant g, the string is acted upon by a 
force p='/, ad’ Iyg. As soon as the wire be deflected, its middle 
part being moved over a distance h, the force pulling the string 
back to its original position is 
Bel. Ara, F ESS] 
If this force is in equilibrium with the current ı, we may put: 

Hizındyhg 


or 
Be (2) 
mdyg 
In my former communication I found the formula: 
VE 
ı (3) 


h=———. 
67 Ed‘ 
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for the deflection of the middle part of the totally relaxed string, 
E being the elastieity modulus. 

Comparing the expressions 2) and 3) we see that variation of the 
diameter d — and as a matter of fact also of the length /— appears 
to have another influence with relation to the weight of the string 
than with relation to its elastieity. Halving the diameter should 
cause the sensitiveness to increase 4 times according to 2) and 16 
times according to 3). The significance of this is, that the two for- 
mulas should be combined in some way. Also we see that with 
thick strings the sensitiveness is principally limited _by the elasticity 
of the material, whereas with very thin strings elastieity bas little 
or no influence at all but it is the weight that counts. Finally there 
should be for any material a definite lengtlı and diameter with 
which the limiting influence of weight. and elastieity are equal. This 
critical diameter can easily be calculated by equating 2) and 3). 
We find then: 


Ey 
de er TREE 


With this formula table I can be calculated giving the critical 
value of the diameter (with a length of 10 and 5.6 centimeters) with 
which the influence of weight equals that of the elastieity. 


TABLE 1. 

Bl, dwith | dwith 

ERBE A |7=10cm. |1=5.6cm. 
TE a En DE 
Copper 11000 8.9 8.2 u 3.4 u 
Silver 7500 10.5 10.8 >» 4.5 > 
Gold 7500 19.5 14.7 >» 6.1 > 
Aluminium 6750 Zu 4.6 >» 1.9 > 
Platinum 16500 "21.4 10.3 » 4.3 » 
Silvered quartz (6000) (5.46) 8.7 >» 36,3 

| 


The value for E used for silvered quartz does not take {he 
silvering into account, which anyhow cannot possibly be of much 
importance. The figure given for the density is caleulated from the 
weight divided by the volume in case of a silvering of a thickness 
which gives the highest possible normal sensitiveness (v. Theoretisches 
und Praktisches Zum Saitengalvanometer, Pflügers’s Archiv. f. 
Physiologie V. 158 p, 107 1914). 
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With a silver wire of 10 cm. length and of a diameter of more 
than 10.8 u the sensitiveness is mainly limited by the elasticity ; 
with silver wires of the same length but thinner than 10.8 u, the 
weight of the wire is the most serious obstacle to incereasing the | 
sensitiveness of the instrument. With a wire of 21.6 u the elastieity 
is 4 times more important as a limiting factor than gravity. 

If the influence of the two limiting factors is taken together, we 
find for the defleetion of the middle part of the string: 


Hl 
= a 


if the string be totally relaxed and fixed on the support without 
any longitudinal or torsional tension. 

With this formula we can caleulate the next table giving the 
deflection of a 10 cm. string of 1 u in a field of 10.000 Gausses 
with a current of 10-1? Ampere and an enlargement of 1000 times. 


TABLE Il. 
Copper 0.72 mm 
Silver 0.62 » 
Gold 0.34 » 
Aluminium 2.27 > 
Platinum 0.33 >» 
Silvered quartz 1.11 > 


In the same way I find for an aluminium string of 2 u and 56 
mm. length in a field of 18000 gausses a theoretical deflection of 
.57 mm., the magnification being 1000 fold. In my former commu- 
nication I] stated that such a string had given me a deflection of 
.40 mm. If we had taken the elastieity as the limiting agent we 
ought to have expected a deflection of 1.20 mm. 

Doubtless we get a better approximation for the liminal sensitiveness 
of the string galvanometer by considering the influence of the weight 
of the string without neglecting its elasticity. 


Physics. — “The Process of Solidification as a Problem of 
Conduction of Heat”. By Dr. H. C. Burser. (Communicated 
by Prof. W. H. Junivs). 


(Communicated at the meeting of June 26, 1920). 


$ 1. Introduetion. The equilibrium between two phases Ihas been 
fully investigated experimentally and theoretically. Little, however, 
is known about the cases in which there is no equilibrium, but 
one phase is converted into another. In the first case the thermo- 
dynamic laws may serve as basis of all considerations; in the second 
case, however, such leading principles are entirely wanting. The 
researches on the dynamics of the conversion- of phases are quite 
detached, and. are often restrieted to the collecting of empirical data 
the meaning of which is not quite clear. 

It would be very desirable to develop a general theory of 
dynamics, which will have to inelude “thermodynamics’ as the 
special case of its staties. Whether this is possible from a purely 
phenomenological point of view, further experiment will have to 
teach. | 

In what follows I have worked out a general method for the 
treatment of the special case of the solidification of a chemically 
simple substance. 

On transition of a supercooled melt into the solid eondition the 
following processes should be sharply distinguished: 

4. The formation of partieles of the solid phase in the supercooled 
liquid }). 

2. The further growth of each of these partieles, and also the 
growth of a particle of the solid substance put into the liquid 
purposely °). ae 

Only the second point will be treated in this communieation. In 
this the particularities which are in connection with the anisotropy 
of the solid substance will not be taken into aeeount. In this way . 
the problem is simplified, but at the same time the idea, of accounting 
for the formation of the erystalline form is abandoned. 


!) G. Tammann, Zeitschr. f. phys. Chem. 25, p-: 442, 1898. 
?) D. GERNEZ, Compt. rend. 95, p. 1278, 1882, 
B. Moor, Zeitschr. f Phys. Chem. 12, p. 545, 1893, 


—or.A 
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The question which shonld be posed when one wishes to examine 
the course of the process of solidification, is the following: 

Given a supercooled liquid, in which there are one or more pieces 
of the solid substance. ‘At a definite moment the temperature is 
given as function of the place. Required to determine for every 
successive moment the temperature as function of the place and the 
velocity with which the boundary surface of the two phases moves 
in consequence of the solidifieation. 

When the general principles and methods that may serve to solve 
this problem, are known, all the cases that present themselves can 
in prineiple be treated by the aid of them. This treatment only 
requires the surmounting of mathematical diffieulties. The theory 
must be developed for a particular case and compared with the 
experiments. As is the case in every phenomenological theory, certain 
eonstants or funetions which are characteristie of the substance, 
remain undetermined & priori here too. Comparison of theory and 
observations makes us acquainted with these constants or functions. 

When the above mentioned questions are answered, it should be 
borne in mind that in a substance in which the temperature differs 
from point to point, conduction of heat takes place. The conduction 
should not be considered as accessory, for without transport of heat 
solidification cannot take place. 

Ina substance moving with a veloeity V the temperature # satisfies 
a generalized differential equation of the eonduction of heat 


00 
a re ee) al ke SEN) 


This equation contains the quantities c, g, and A, (resp. specific 
heat, density, and conductivity of heat), which refer to tbe phase 
for which (1) holds. An equation of the shape of (1) exists for the 
solid as well as for the liquid phase. In these equations there oceur 
constants which are characteristie only of one of the phases separately, 
and not for the heterogeneous reaction between the two phases. 

As in every problem of conduction of heat {here are here too, by 
the side of the differential equation, boundary conditions which the 
temperature @ must satisfy, viz.: 

1. At the boundary plane of two media the temperature is 
continuous. This refers both to the boundary surface of the solid 
and the liquid phase and to the surfaces along which each of the 
phases touches the wall of the vessel in which they are contained. 

2. At a boundary surface the normal component of the current 
of heat is continuous, when no generation of heat takes place at 
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the surface. If this is the case, the normal components of the eurrent 
of heat in the two substances at the two sides of the surface together 
lead off a quantity of heat equal to the generation of heat taking 
place at this surface. 

The boundary conditions 1 and 2, however, together with the equation 
(1) are not yet sufficient to determine the condition for every succes- 
sive moment. For one thing, the velocity with which the boundary 
surface of the solid phase moves is not known, hence it is not 
known either at a definite moment, at what surface the conditions 
1 and 2 are valid. The veloeity of the boundary surface of the 
phases is direeted from solid to liquid during the solidifieation. This 
veloeity can only depend on the condition of (he substance at this 
surface, hence on the nature of the substance and tbe temperature 
there. As third limit condition we get, therefore, the relation that 
must exist between the linear velocity of erystallisation (or solidi- 
fication) and the temperature at the boundary. 

When the value of a quantity ‘in the solid phase is denoted by 
the index 1, and in the liquid phase by the index 2, and when » 
is the normal at the boundary surface solid-liquid, we have at this 
boundary surface the conditions: 


0,=0, 220 £ 2 Pa 


VOR Os Q 2b 
er en. . - . . . R e. . ( ) 


v= (Wi, Tr ee 

When vg, is the mass solidifying per unit of time and per unit 
of surface, vo, represents the difference of the normal-component 
of the current of heat on the two sides of the boundary surface, 
when Q represents the melting heat at the temperature 4 prevailing 
at this surface. 

The differential equation (1) with the boundary conditions (2) now 
determines the course of the process of solidifieation. (1) and (2) can, 
however, not be solved, when the funetion f, which is characteristie 
of the substance, is not known. It might be tried to make different 
suppositions about the relation between 9 and », e.g. that 0 isequal 
to the temperature of melting. Every supposition leads to a definite 
value of the temperature as function of place and time. Each of 
these results might be compared with the observation, and in this 


way it might be found what relation there exists between 4 andv. 


2 


') A horizontal line indicates the value at the limit. 
2) Of course inversely 6=c (nr), 
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As’ we a priori do not even know the form of the relation (2c), 
the‘ following course is, however, to be preferred. A value is chosen 
for the velocity v'). When further v is considered as given, the 
temperature can be determined from (1), (2a), and (25), hence also 


the temperature 6 at the boundary. By causing the solidifieation to 
take place under different eirenmstances, different values of v can 
be obtained, and for each of-these values the corresponding tempe- 


rature 9 can be caleulated, and in this way the relation between 


v and 9 can be found. To check the theory, the temperature 6 may 
be determined experimentally, but this is not necessary in order to 
find the relation given by (2c) for a definite substance. 


$ 2. Theory of the solidification in a eylindrical tube. 

One of the simplest phenomena of solidification, which has also 
been studied most fully experimentally, is the crystallisation of a 
supercooled liquid in a eylindrical tube. 

Let the solid substance be in one part (A) of a straight tube, the 
supercooled liquid in the other part (3). The whole is surrounded 
by a space of constant temperature, which must also prevail in A 
and 3 within the tube at infinite distance from the boundary surface. 
This temperature must, of course, lie under the melting-point of the 
substance used, because else no solidification takes place °). 

The solidifieation now proceeds as follows. Heat is liberated at 
the boundary surface of the phases (heat of melting). It flows off 
on both sides through the solid substance and the liquid, and finally 
passes through the wall of the tube to the sphere of constant tem- 
perature. In every vertical section of the tube the temperature is 
highest in the axis of the cylinder and decreases towards the outside. 
This is also the case at the boundary surface of the phases. Hence 
the normal velocity at this surface cannot be the same everywhere, 
but must increase or decrease from within outward as the velocity 
of solidification v increases or decreases with diminishing temperature. 
Both cases may occur. The velocity v is, of course, zero at the 
melting-point, then increases with decreasing temperature, after which 
it begins to diminisb again, as experience teaches, approaching asymp- 
totically to zero at sufficiently low temperature. 

Let us suppose the temperature of the surrounding space to be 


}) The velocity v can be determined in a simple way experimentally, and can, 
therefore, conveniently be used as basis for the calculation. 

») A process of melting, analogous to the process of solidification treated here, 
is impossible, because a liquid can exist under its melting point, but .a solid 
substance cannot exist above its melting point. 
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only little under the melting-point of the substance, so that the velo- 
city of erystallisation inereases with falling temperature. Then the 
velocity of the boundary surface must be smaller in the axis of the 
tube than at the periphery, i.e. this surface becomes concave towards 
the liquid. The form of the surface can, however, not remain 
unchanged during the increase; as the velocity in normal direction 
is smallest in the axis of the eylinder, and increases towards the 
outside, the eurvature will always increase, as is easy to understand, 
and at last a hollow may even arise, which is shut off, and is then 
filled up. At the same time the more rapid growth has proceeded 
at the periphery, and the same thing is repeated. The growth will 
further not be symmetrical round the axis. When through a slight 
disturbance the substance grows somewhat more rapidly at a point 
of the eircumference than at the other points, the surface gets here 
further from the places where the erystallisation takes chiefly place, 
i.e. at points where the temperature is lower and the rate of solidi- 
fication, therefore, greater. Consequently the growth in the considered 
point takes place still more rapidly. Hence the condition is unstable. 
A small aceidental disturbance will have great influence on the form 
of the boundary surface, hence on the process of the solidifieation. 
In this case the solidification is a very irregular phenomenon, and 
a theoretical treatment of the problem proposed on p. 619 is 
impossible. 

This is, however, entirely different when the temperature of the 
surroundings, hence that of the tube, is chosen lower, so that the 
velocity of solidification becomes smaller with deereasing temperature, 
Then the normal veloeity is greatest in the axis of the eylinder 
where the highest temperature prevails. The surface of the solid phase 
becomes, therefore, convex towards the liquid. This convex surface 
now begins to move parallel to the axis, and in this it assumes a 
very definite form. The normal velocity during this displacement is 
greatest in the axis, and decreases towards the periphery. This decrease 
must be such that in every point the veloeity v has the value that 
ho vo Ind Wil, ade Sondia e 

h » oundary surface 
moves uniformly and with constant form parallel to the axis. Every 
disturbance in this condition will disappear again of its own accord. 
It is also easy to convince oneself that everything around the axis 
of the tube must be symmetrical. If this is not the case at a moment, 
the growth and conduetion of heat takes place in such a way that 
the symmetry is restored. 


Though in this way one can see that the differential equation (1) 
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with the boundary conditions (2) perfectly determine the form of the 
boundary surface of the phases on solidification in a tube, this 
determination is attended by great mathematical difficulties. We shall, 
therefore, suppose for simplification that tbe surface of the solid phase 
is a plane at right angles to the axis of the tube‘). The constant 
velocity v, with which this plane moves, is determined according to 
(2c) by the temperature @ at. this plane. 

When there shall actually arise a condition in which the boundary 
plane, preserving its shape, moves uniformly, the whole distribution 
of temperature also in solid and liquid phase will have to move 
with it with this veloeity, in other words, the temperature will only 
depend on the distance from the boundary surface. That a solution 
of (1) and (2) with this property actually exists, willnow be shown. 

In the solid substance, where the matter is at rest, and the condition 
round the axis is symmetrical, the differential equation (1) assumes 


the form: | 
BB 0°8, ® Lo : 
% de dr a). le) 


in which «, =—- and £ is a coordinate, which is measured along 
6,0, 
the axis of the tube in the direction of the veloeity v with which 


the boundary surface moves, and r the distance from the axis. 

On solidification contraction takes place. In consequence of this the 
liquid moves in a direction opposite to that of the positive S-axis 
with a constant velocity V, which in the densities g, and oe, ofthe 
solid and the liquid phase can be expressed thus: 


V=— ei v 
0; 
Accordingly the differential equation holding in the liquid, becomes: 
09, _ DAR 0 %) 0,—0, 96, 
—— Bat 
dr a „( RE RETTET: 


When the temperature in ide solid and the liquid phase is sup- 
posed only to depend on the distances w, resp. x, from the boun- 
dary surface, the differential quotients according to time may be 
expressed in those according to place: 


90 99 90 90 
I DAR, . BON SE n Pr P . . 5 
de Os Zr "de, 6) 


Further: 


1) As in the cases that occur most frequently the velocity v depends only little 
on the temperature, the boundary surface will generally be only little curved. 
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When (5) is substituted in the equations (3) and (4), and when 
in these equations the following form is written: 


i V, ‘ 9ı ® Us 
2 

it is found that: : = Er se 
6, een h 1 1 i 6 
Deere: ja -;( )| 5 ; Be) 

00 0°?4 10.700 
er 2 : 7 
= OR ” 0w,' 2 r s(’ =) (9 


Besides there are still the limit conditions (2a) and (25), which 
are in this case: 


(0, je) == (0 )2,=0 . . . . . . . (8a) 


0) 
nen ) = ( =) — 0o,r ... sb) 
0 0,/ 0 RR N) 


The liquid having a normal veloceity V at the boundary surface, 
it is not self-evident that (25) may be applied unmodified. A closer 
examination, however, teaches that this is, indeed, the case, and 
that therefore (85) is correct '). 

Besides the relations (6), (7), and (8) the temperatures must satisfy 
other conditions which hold at infinite distance and on the wall of 
the tube. The tube being in surroundings of constant temperature, 
this temperature in both phases must exist at infinite distance from 
the boundary surface, where the influence of the generated heat of 
melting is not felt. The zero-point of the temperature being arbitrary, 
the temperature of the surroundings is chosen for it, and thus the 
following conditions are obtained: 


(ee Co Pe er 
It is less simple to take the influence of the wall of tlıe tube 
into account. When one wants to solve the problem acceurately, also 
a differential equation must be drawn up for the temperature in 
the wall of the tube, and this temperature must be brought in conneec- 
tion with the temperature of the solid and the liquid substance in the 
tube by means of boundary conditions corresponding to (2a) and (2b). 
At the outer surface of the wall the temperature must be zero, i.e 
equal to that of the surrounding space. 
To put this train of reasoning into practice, though not impossible 
in principle, would lead to very elaborate caleulations. In the cases 


!) Gompare also W. HERGESELL, Ann. de Phys. u. Chem. 15, 1882, p. 19. 
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that have been examined experimentally, the conduction of heat 
throngh the wall is very great, however, because the wall is not 
very thick, and consists of a substance (mostly glass) that conducts 
heat pretty well. Consequently the influence of the resistance to heat 
of the wall of the tube is slight, and the following approximation 
may be used. When the current of heat in the wall is supposed to 
be radial, and when d and A, represent the thickness resp. the 
conductivity of this wall, a quantity of heat given by: 
1,0 
IR 
flows through the wali per unit of time and surface. 
In this 4 is the temperature of the substance on the inner side 
of the wall of the tube. 
When a is the radius of the interior width of the tube, we get 
the boundary conditions: 


v0, 06, 3 
nen - =) —_ 10 
2 Oo Ivo a) N 


Both members of this equation express the current of heat per 
unit of time and surface. 

In order to solve the differential equation (6) with the conditions 
8), (9) and (10), we seek a particular solution, which is a product 
of two factors, one that depends on x, (A,), and one that depends 
on r (R,). When we substitute: 

MNERTR, 
in (6), we may write for this equation: 


ER RB y.dK,, EX; 


ar dr 0,da, da,’ 
% TB, E X, 

As in this relation the first member depends only on r and the 
second member only on «,, botlı members are constant, e.g. — C. 
Then the following equations are obtained for A, and A: 

2 . 
„ER dR, (11a) 

dr* 

ag. .2,%, rd) 

a 0. 


The solution of (11a) which remains finite for r — 0), is the Besser 
function of order zero: 


Bed... (1) 
40* 
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As 4, must satisfy (10) for all values of «,, this is also the case 
with each of the products X,R,, of which #, is built up, hence 
also with Z,. When in (10) the value of A, given by (12) is sub- 
stituted for 9,, we find: 


3 A,a 
VCH LVO = Jlav). 


When in this 


FR 
and 
1.0 
en Ye a 
1,0 


is put, this equation assumes the form: 
Ya) Aber 
This equation has an infinite number of roots, which ranged ac- 
cording to ascending value may be called: 
EHE Ener : 8m, Et 


They depend on the quantity y, defined by (13). 
To every root $ belongs a value of the function R,. These fune- 
tions become: 


vE,R) 
Ran, (2) Glen El 


Like (11a), (118) has also two particular solutions, one of which 
becomes zero for x, =», and the other infinite. In eonnection with 
(9) the former must be chosen. Apart from a constant factor, this 
solution is: 


0%) | | 
met ne 


pP, is the positive root of the equation: 


(k) }2 
(an m ER _ 


1 


which is found by substitution of (16) in (112), and replacement 
of C by: 
15m} 


a 


The value of Bu isr 


EXCEL 
rl Se. ee 
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The general solution. of the problem must be composed of special 
solutions in the following way: 


"a, 
e ee 6: 


&  & (k) 
7 
Bang 
k=1 LE 


The constants A,® can only be determined in connection with the 
value of 0,. The expression given by (18) satisfies the boundary eondition 
(10), which holds at the boundary surface of the solid substance and 
the wall of the tube, and is also in agreement with (9). 

The value of the temperature 9, prevailing in the liquid is found 
in an analogous way. It is: 


“ Bulk) ae Pk), 
DS LED ai (19) 
ki a \ 
The quantities 5,9 are the roots of the equation: 
Ya e, J, (€,) == J, [&.): . ® ® 2 > x " (20) 
in which: 

2,0 
Ya ze: ä . . . . . . » ® (21) 

d 


From $,® follows p,®: 


f v, Br Ach 
p,® == I - Pe E + \ = 2 SEI (22) 


In conelusion the constants A,® and 4,% oceurring in (18) and 
(19), must be determined from the conditions. (8) at the boundary 
surface of the solid and the liquid phase. By the aid of (18) and 
(19) these conditions become: 


= E_(k) = ©_(k) 
A ee Be = ) (23) 
1 ! q k=1 a 
& Pi &,®) r &,%) 
P> [4% 4, p,® J, | = | + A, 2, pP, B | —— Q 0, U. (24) 
k=1 a Zi a 2 


Both equations must hold for all values of r. 
The diffieulty to find the constants A, and A,® from (23) and 
(24), consists in this that in these equations there occur two series 


 & (k) 
ee end up 


of normal functions, viz. J, These series 


are, indeed, each in themselves orthogonal; but the functions of one 
series are not orthogonal to those of the other. The most symmetrical 
way would be to try and find normal functions belonging to the 
whole space, and not, as had been done up to now, either to space 
1 (solid substance) or to space 2 (liquid). There exists, however, a 
simple — though asymmetrical — method, which leads to the pur- 
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. pose with comparatively little trouble. It is possible to develop the 
functions for one region into a series of normal functions of the 
other region. The following development is then obtained: 


r &,(k) r&,0 


(25) 


rd | 
i=1 


[ 
a 


The constants «zı form a twofold infinite system of values that 
1 

do not depend on the variables —, but on the constants y, and Y, 
a 


defined by (13) and (21). As we saw before, they depend on the 
dimensions of the tube used, and on the conductivity of the sub- 
stances that play a part in the problem. 

For the determination of axı both members of (25) are multiplied 
rs 


( 


(k) Br 
by rJ, ; | dr, and an integration is carried out with respect 


to r from zero to a. When for this purpose use is made of the 
known properties of the BksseL funetions, and of the equations (14) 
and (20), the following form is found: 


— & 26 
RT RO" — (OEL + 1,7 &,0)°1 I, [8,01 (26) 

By substitution of (25) in (23), we get: 
AM = > ay A, Be FERNE (27) 


ml 
If this relation between the coefficients A,® and A,®) is satisfied, 
(23) holds for all values of r. 
Also in (24) all the oceurring functions of r must be developed 


Er) ar, ®) 
= . For: J, \ (25) gives this develop- 


a 
ment: we write for the second member of (24): 


ee 
with respect to Jun 


r&_(k) 
REN (28) 


a 


der, =ZRJ, | 
Ki 


The coefficients $,. are found by multiplication of both members 


r&,(%) 
brnda)ı 2 


dr, and integration with respect to r from zero 


to a. Then follows from (20) and the properties of the BEssEL functions: 
av Y 
= - 2 a An 
DERTEUD FAGO) ee 
When (25) and (28) are substituted in equation (24), it appears 


that this is identically satisfied when the following relations. exist 
between the still unknown coefficients A, and A,M: 
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A, p,k) el A, A AS) URZ Pk . . . . . (30) 


When finally the constants A,®) are expressed in A,® by the aid 
of (27), then follows from (30): 


ZADdak(p BA, +22) = Pk ee seelol) 
1 v2 : 


The equations (31) are infinite in number and contain infinitely 
many unknowns A,D. As we have not used orthogonal normal 
functions, we do not find the coefficients A, expressed explieitly, 
but as solutions of a system of linear equations. Practically this is, 
however, not a very serious drawback. For the quantities a; are 
small for £=/; hence they differ only little from one if k—1. 
In the first of the equations (31) all the terms but one can be left 
out in the first member in first approximation. The value of 4,® 
thus found is substituted in the second equation, in which all the 
ternıs following the second, are left out. Thus an approximated 
value of A,® is obtained from this equation. Proceeding in the 
same way, an. approximation is found for all the values 4,0. Now 
the calculation is repeated, but no terms are left out. The terms 
which were neglected in first approximation, are now replaced by 
the value which they appeared to have in first approximation. By 
this method of successive approximation, which quickly converges, 
the values of the coefficients A, are found. The values of the 
constants A,® (or A,®) are then found from (27). 

The temperature 9, in the solid substance and 9, in the liquid 
is found by substitution of the values found of A,'® and A,'% in 
(18) and (19); the problem we had proposed to ourselves, has, 
therefore, been solved. 

The above-developed theory becomes of importance when it leads 
to a celearer understanding of the result and the interpretation of 
observations. Experiments on solidification in a tube and their rela- 
tion to the theory will be found in a subsequent communication. 


Institute for Theoretical Physies.. 
Utrecht, June 1920. 


Physiology. — “A Quantitative Inquiry into the Antogonism Pilo- 
carpin-Alropin on the Surviving Cat-gut”. By Prof. W. StorM 
van Lekuwen and Miss ©. van DEN BRoEkE. (Communicated 


by Prof. R. Maenüs). 
(Communicated at the meeting of April 23, 4920). 


At our Institute we often felt the want of a correct physiological 
determination of the strength. of atropin-containing solutions. With 
one of the usual metliods which is based on the property of atropin 
to restore pulsation after the muscarin-standstill of the frog’s heart 
our results proved unsatisfactory. We, therefore, endeavoured to find 
a method that should yield more reliable results, viz. by taking the 
antagonism of atropin on the action of pilocarpin on the surviving 
gut, as an index of atropin-action. 

Laborious investigations of this antagonism have been carried out 
by van LivrH DE JeuDE '). His publication also contains complete 
references on this subject. 


He conducted his experiments as follows: The contractions of pieces of a rabbit’s 
small intestine were recorded on a kymograph. The pieces of the intestine were 
suspensed in vessels of 15, 75 and 150 ce. The experimenter disposed of an appa- 
ratus that enabled him to work with twelve pieces at a time. The vessels were 
filled with Tyrode solution to which varying quantities of pilocarpin were added. 
As v. Lipru DE JeuDE used vessels of varying sizes he was able to vary in his 
experiments the dosis of pilocarpin and atropin, with or without varying at the 
same time the concentrations of these drugs. As soon as, in his experiments, the 
pilocarpin had produced a eontraction of the isolated gut, every 20 seconds In ce 
of a definite atropin-solution was added. This was repeated until an atropin-action 
was clearly noticeable. 

Van LivrH DE JEUDE points to several errors to be guarded againstin a similar 
investigation. The rate at which the oxygen bubbles through the vessels during 
the experiment, should not vary too much, since a strong current of oxygen causes 
the atropin to mix sooner, and consequently an antagonistie action to manifest 
itself sooner than a weak current will do. The coneentration of the atropin-solution, 
of which always \/, c.c. is added, should be the same in all experiments, other- 
wise erroneous results will be obtained, ”ete. 


With due precaution v. Lipru Ds Jeupe undertook a series of 


!) A. P. v. Livtu DE Jeupe. Quantitatieve onderzoekingen over het antagonisme 
van sulfas atropini tegenover hydrochloras pilocarpini, salicylas physosligmini en 
hydrochloras muscarini (Grübler) op overlevende darmen van zoogdieren. Acad. 
Proefschrift. Utrecht, 1916. 
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careful experiments of which we here record the results that bear 
upon the question under consideration. 

The pilocarpin-action depends on the concentration of the poison 
in the Tyrode solution, and is not dependent on the absolute amount 
of pilocarpin present in the solution. 

The atropin-action per se (inhibitory effect of small doses) depends 
rather on the absolute quantum than on the concentration of the 
poison in the solution. The concentration is deeisive with large 
atropin-doses (12,5—150 mgr. to 75 cc. of liquid). 

According to v. Liprn Ds JUDE also the antogonism of atropin 
hinges upon the absolute quantity, and not upon the concentration 
of the poison in the solution. 

Furthermore, v. Lıpra De Jsupe found, that generally the atropin 
doses to be added, differed little with highly varying pilocarpin-doses 
and pilocarpin-concentrations. 

The only relation, found by him between the values of the two 
poisons, was that with a considerable rise of the pilocarpin-dosis 
(100 times the initial dosis), the atropin-dosis increased but little 
(8—5 times). Hereby the results published by Masnvs in 1908 !) 
were confirmed, as Macnus also found that with a rise of the pilo- 
carpin dosis (up to 50 times), the atropin doses required for the 
antagonism did not augment — anyhow less than ten times. 

Although v. Lıprh DE Jeupe’s method suited his purpose very 
well, it could not, as such, be utilized in cases concerning the physio- 
logical determination ‘of atropin-containing solutions, because large 
individual differences occur in- the reactions of the guts of various 
animals, nay, even in the reaction of different pieces of the gut of 
the same animal. For this reason we have modified the method by 
utilizing the familiar fact that the action of various poisons can be 
abolished by removing the drug-containing solution and substituting 
it by a fresh solution, so that the organ resumes ils former con- 
dition and will react again in the same way on a similar quantum 
of poison. This enabled us to observe repeatedly the action of a 
poison on the same strip of intestine. This was also BArsEr and 
Dare’s?) method when they examined the action of various poisons 
upon the uterus. Neukırca ®) has demonstrated that the effect of pilo- 


l) R. Macnus. Kann man den Angriffspunkt eines Giftes durch antagonistische 
Giftversuche bestimmen? Pflügers Arch. B. 123. S. 99. 1908. 

2) @. Barcer and H. H. Date. Chemical structure and sympathomimetic action 
of amines. Journal of physiology. Vol. XVI. 1910, page 19. 

5) P. Nevkircn. Pflügers Arch. 147. 171. 1912. Physiologische Wertbestimmung 
am Dünndarm. Pflügers Arch. 147. 151. 1912. 
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earpin upon the surviving small intestine could also be washed out. 
It was, therefore, ineumbent on us to find out whether this was the 
case also for atropin. Originally we supposed this was not so, because 
v. Liprn oe Jeupe had stated that the atropin-action depended on 
the absolute quantity of atropin, and not, as is the case with most 
other poisons, on the concentration in which the poison is presented. 
We believed that {he atropin-aclion could depend on the absolute 
quantity only then, if all or nearly all the atropin had been adsorbed 
from the liquid by the gut. Now we deemed it improbable that in 
that case the whole quantity of atropin could be washed out again. 
On further examination, however we found that the atropin action, 
like the pilocarpin-action, could, indeed, be abolished by washing 
out. This induced us to ascertain whether the atropin-action indeed- 
depended only on the absolute quantity and not on the concentration. 

We will not delay the statement that also for atropin only the 
‚concentration of the poison was found to be conelusive. In this 
inguiry we made use of an apparatus differing from that of v. Lıpr# 
DE JeuDE. Also our technique differs considerably from his. 


The fact was namely that -- unlike v. Lınr#u pE Jeupe — we did not add 
to the gut pilocarpin only once and subsequentliy some drops of an atropin 
solution till the. pilocarpin-action began to be neutralized; but, in order to ascer- 
tain in the same gut the action of several doses and concentrations of atropin, 
we wanted to be able to transfer the gut to different vessels every time without 
breaking the contact between gut and lever. To this end we used an apparatus, 
that was already described on a previous occasion!). With this apparatus 
(fig. 1) the gut is not fastened to the bottom of the vessel, but to the bent arm 
of a glass rod, which reaches into the glass vessel The glass rod is attached to 
a metal bar, which also supports a lever for the registration of the contractions 
of the organ. The metal bar is movable in a vertical direetion, in a metal mantle, 
so that it can be moved upwards by a single motion of the hand which lifts the 
gut out of the solution without interfering with the contact between lever and gut. 
The glass vessel, in which the gut is contained, and which has a capacity of 
75 c.c. stands in a copper vessel, in which there is, moreover, a second glass 
vessel of 150 c.c. capacity. In this metal vessel there is also a thermoregulator, 
connected with a small burner under the vessel. The metal vessel and the burner 
under it are attached to a revolving disc. All is arranged in such a way that as 
soon as the bar, which supports the gut and the lever, is moved upwards, the 
metal vessel can be turned by a single motion of the hand, so that the gut, on 
being lowered, reaches the vessel of 150 c.c. where the poison is washed out. 
The removal from tlie one vessel into the other can be accomplished so quickly 
that the curve on the kymograph is hardly_ interrupted. So, if necessary, the whole 
washing process may be registered accurately. ‚ 


) W. Storm v. Lesuwen. Physiologische Waardebepaling van geneesmiddelen. 
Acad. Proefschr. Utrecht. 1919. 
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The eontrivance Just described is a part of the large apparatus represented in 
fig. 1, which consists of three metal vessels, mounted, together with their revol- 
ving disc, on a plank that can be moved to and fro. The gut can now be trans- 


Fig. 1: 
Apparatus for the registration of the movements of a surviving 
organ, provided with a simple arrangement for washing out the added 
poisons and for operating at various temperatures. 


ferred at will to each of the 6 vessels of the apparatus (this is also of importance 
when examining the action of poisons at a different temperature). 

Here, then, we have an arrangement of three vessels of 75 c.c. and three ves- 
sels of 150 c.c. to which the surviving gut can be transposed. One of the three 
metal vessels was displaced in some of the experiments by a large glass vessel 
containing 1300 c.c. of Tyrode solution and in which also a thermoregulator was 
placed and a tube through which the fluid was oxygenated. When the gut was 
put into this large vessel, the action of a definite dosis of atropin could be watched 
with a dilution twenty times stronger than when an equal dosis of atropin was 
cxamined in one of tlıe small vessels, which contained only 65 c.c. 


In a series of experiments we tried to ascertain wbether the 
pilocarpin-action indeed depended only on the concentration. This 
appeared to be the case, so that in this respect we quite agree 
with v. LıiDTH DE JEUDE and consequently our experiments pertinent 
to the matter in question may readily be left out. 

In another series we examined the question whether atropin can 
be washed out. 

This was. to the following effect: 

Atropin-action is completely reversible, for when the gut is put 
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in a vessel containing pilocarpin, after this in a vessel with pilo- 
carpin + atropin, then again in pure Tyrode, and subsequently again 
in pilocarpin, the second dosis of pilocarpin will act in the same 
way as before, while this action can, just as the first time, again 
be arrested by atropin in the same way. This experiment may be 
repeated as often as six times, without interfering with the action 
of pilocarpin or atropin. The experiment just described also proved 
that, while the antagonism is being accomplished, only very little 
atropin is adsorbed by the gut, because the experiment (pilocarpin- 
action subsequently arrested by a minimal dosis of atropin) can be 
repeated six times without the necessity of a freslı solution in the 
vessel with pilocarpin 4 atropin. The fact that during the action of 
atropin only very small quantities of it are absorbed by the gut, 
renders it highly improbable that the atropin action should not 
depend on the concentration, but on the absolute quantity, for this 
would be possible only if during the antagonistie action the greater 
part of the atropin were adsorbed from the solution by the gut, 
whereas our experiments showed that the gut can take up only 
very small quantities»of atropin. To settle the question whether the 
atropin-action depends on the absolute quantity or On the concen- 
tration, a new series of experiments was undertaken, in which vessels 
of 65 and of 1300 ce. were used, so that action of a certain dose 
of atropin could be examined in various concentrations. The result 
of one of these experiments was, for instance, the following : 0.01 mgr. 
of atropin in 65 cc. Tyrode solution produced a stronger action than 
0.15 mgr. of atropin in 1300 ec. of solution ; 0.03 mer. of atropin 
in 65 cc. of Tyrode had a greater effect than 0.45 mgr. in 1300 ce., 
but as great an efiect as 0.6 mgr. of atropin in 1300 ce. of solution. 

From these experiments, and others that had been eonducted in 
precisely the same way, we are, therefore, justified in coneluding 
(hat the. atropin action, like the pilocarpin action is completely 
dependent on the concentration and not on the absolute quantity of 
the poison. This result differs from v. Lipru pn Jeupe’s, which is 
owing to tle eircumstance that our technique differs largely from 
his. Van Livru os JeupDe took a different piece of gut for every 
experiment. Besides this, v. LiptH oE JnuDR’s using very small 
vessels (15 ec.) led to many errors, as in (his ease it is not possible 
to fix a correct dosage — especially because the solution most often 
foams considerably. In the third place the way in which v. Lipra 
ps JuuDE administers the atropin and his index of the antagonistie 
atropin-action differ from ours: Van LiDrH DE Jeupr added to the 
solution that contained the gut, first a definite quantity of pilocarpin 
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and when the stimulating influence of pilocarpin was distinetly 
noticeable, every time '/, ce. of a constant atropin-solution was 
instilled by drops, at intervals of 20 seconds, until a distinet atropin- 
action revealed itself. 

We first put the gut in the vessel containing 10 mgr. of pilo- 
carpin, left it there preeisely 1'/, minutes, then transposed the gut 
to a vessel that contained, beyond the 10 mgr. of pilocarpin, also 
the quantity of atropin under examination, and watched for an arrest 
(after a definite time mostly 1—1'/, minutes) of the increase of 
tonus caused by the pilocarpin. This we assumed to be the case if 
the bases of the curves were again returned to the original level, 
no matter whether the ‘“oscillatory movements” of the gut were still 
greater than before or were not. The criterion used by v. LipTH DE 
JEUDE, on the contrary was, whether or no, after the administration 
of the atropin, a distinet beginning of the fall of the curve could 
be observed, in other words v. Lipta Ds JeuDE watched for the 
beginning of the antagonistie action, whereas we looked for the 
eondition reached after a certain lapse of time. 


Van Lipra De Jeupe had established in his publication, which we 
quoted several times in this paper, that with an increase of the 
pilocarpin-dosis (up to a 500-fold) the atropin-dosis required for the 
commencement of the antagonism augments but very little (3—5-fold). 
We kuew from earlier investigations that the eurve, indicating the 
ratio between the concentration and the action of pilocarpin, runs 
as is shown in fig. 2. In the beginning of the curve (a to c) small 
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Concentration of the poison. 
Fig. 2. Scheme of a Concentration-Action curve. 

differences in concentration bring about a large difference in action; 

while with the higher eoncentrations the action increases only very 
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- little when the concentration rises. We were naturally led to sus- 
pect that the small augmentation of the atropin-dosis, observed by 
van LiDTH DE JrupE with a rise of the pilocarpin-dosis, would take 
place at the very beginning of the concentration-action-eurve, 1. e. 
we suspected that with very small doses of pilocarpin, the increase 
of the atropin doses would be relatively large when the pilocarpin- 
concentration increases, while in the higher pilocarpin-eoncentrations 
the quantum of atropin necessary for the antagonism would be 
the same. 

In another series of experiments we have attempted to solve this 
problem. 

We used pieces of a cat's gut contained in vessels with 75 c.c. 
of Tyrode solution. At the commencement of the experiment, several 
times pilocarpin was added to these guts (and after this the pilo- 
carpin was washed out again) till the sensitiveness of the gut to this 
poison had become constant. This done, we ascertained how much 
atropin had to be added to arrest the pilocarpin action almost com- 
pletely after 3 minutes. 

In this procedure the intensity of the “oseillatory movements” 
wasnot regarded, but the pilocarpin-action was considered to be arrested, 
when the base of the curve had nearly resumed its normal niveau again. 
It became evident from these experiments that the quantum of 
atropin necessary for arrest of the pilocarpin-action does not depend 
on the quantity of the pilocarpin doses, but on the intensity of the 
action ineited by the pilocarpin, that is to say, when at one moment 
in one and the same experiment a given dosis of pilocarpin exerts 
a weak action and has a stronger effect at another moment, then 
the quantum of atropin required in the first case will also be smaller 
than the one required in the second. The same holds both for the 
action of pilocarpin upon one and the same piece of gut, and upon 
different pieces. So, if at a given moment the sensitivity of the gut 
to pilocarpin, is such that 0.1 mer. of pilocarpin produces a weak 
action, the quantity of atropin, required to arrest this action, will 
be equal to that, required to arrest the same weak pilocarpin-action 
if at another moment it is elieited by a dosis of pilocarpin as small as 
0.01 mgr. In all we have performed 33 experiments in this manner. 
When arranging these experiments so as to place all the cases of a weak 
pilocarpin action in one group, in another all the cases of a mode- 
rately strong pilocarpin-action, and lastly all the cases of a sub- 
maximal pilocarpin-action (corresponding with the point c of the 
concentration-action curve of fig. 2) in a third group, it appeared 
that the average quantum of atropin required for the antagonism 
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was fur the three groups respectively 0.0005 mgr., 0.001 mgr., and 
0.0014 mgr. This implies that when the intensity of the pilocarpin- 
action rises from a to c of the concentration-action-eurve, three 
times as much atropin is wanted as before. The quantum of pilo- 
carpin required for a definite intensity of action, did not modify 
the quantum of atropin which would afterwards be necessary to 
arrest the pilocarpin action. | 


Now that it had been demonstrated thatin the zöne a to cofthe 
eoncentration-action-curve the atropin-action depends on the intensity 
of the pilocarpin-action, we suspected that with still higher pilocarpin- 
concentration, the atropin-dosis required for the antagonism, would 
not increase any more. 

If this were so our results would tally completely with those of 
van LiptH DE JeUDE, notwithstanding the difference between his 
eriteria and ours. Contrary to our expectation, however, it appeared 
that with a further rise of the pilocarpin-dosis, also the atropin- 
dosis bad to be largely augmented, anyhow if we stuck to our 
eriteria. So the latier result differs from that of van LiDTH DE JEUDE, 
which finds a satisfactory explanation in the different techniques. 
In addition it is just with the high pilocarpin-concentrations that 
the difference between the criteria applied by van LiptHn DE JEUDE 
and by us comes much more to the front than in the previous 
experiment. For after these very high pilocarpin-concentrations the 
interval of 3 minutes, after which the atropin-action was observed, 
is too short. In the experiments with small amounts of pilocarpin 
we observed that, if after 3 minutes the pilocarpin action was not 
yet arrested by the atropin, the atropin action increases but little 
with a longer interval, so that three minutes proved to be the proper 
time after which the action of the atropin should be registered. 
It is not so with the very high pilocarpin-concentrations, here 
it occurs repeatediy that after 3 minutes only a very insig- 
nificant effect has been produced by the atropin, whereas after 4 or 
5 minutes it is sometimes complete. Now, since with high pilocarpin- 
concentrations the space of 3 minutes is doubtlessly too short, and 
with low pilocarpin doses it must“not bermade much longer (or the 
chances are that the pilocarpin-action decreases spontaneously, so 
that an atropin-action could be presumed where it did not really 
exist) our method is not trustwortby in comparing the antagonistie 
atropin-action of small and very large pilocarpin-quanta. This is why 
we have not continued our inquiry in that direction and are only 
able to record that with a strong increase of the pilocarpin dosis in 
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the zöne c to d (and farther) of the C’A-eurve, the atropin-dosis is 
sure to increase still more, without our being able to procure ac- 
curate data on this head. 


CONCLUSIONS. 


I. In accordance with what has been found by v. LıprH DE JEUDE 
and others, the pilocarpin-action upon the surviving gut is entirely 
dependent on the eoncentration of the pilocarpin in the solution in 
which the gut is suspended. The pilocarpin-action is completely 
reversible. 

II. Contrary to van Liptu DE JEUDE’s assumption, also the anta- 
gonistie atropin-action depends entirely on the concentration and not 
on the absolute dosis of the poison present. 

The atropin-action is also completely reversibleanyhow when the 
atropin dosage is not too large. A surviving piece of gut does not 
adsorb so much of the smallest active dosis of atropin present in 
the 75 c.c. of Tyrode solution, as to alter the atropin-concentration 
appreciably. 

II. With the relatively small quanta of pilocarpin (i.e. such as 
exert an action corresponding with the zöne a-—c of the O.-A-curve) 
the amount of atropin, required for the antagonism, does not depend 
on the quantum of pilocarpin administered, but chiefly on the aetion 
exerted. by that quantum. The quantity of atropin, necessary to 
arrest a sub-maximal pilocarpin-action is about three times larger 
than the quantity of atropin, required to exert antagonism on a 
pilocarpin dosis with only a slight action. With pilocarpin-doses 
with a maximal action, a strong rise of the doses is still accom- 
panied by a rise of the atropin-doses. The reason given above ren- 
dered it impossible for us to examine this phenomenon in detail. 


Vitrecht. Pharmacologieal Institute of the University. 


Physies. — “Discontinuities in the Magnetisation”. By Dr. B. van 
DER Por, Jr. (Communicated by Prof. H. A. Lorkntz). 


e- 


(Communicated at the meeting of June 26, 1920). 


In a recent paper, “Zwei mit Hilfe der neuen Verstärker entdeckte 
Erscheinungen”, in the Phys. Zeitschr., Sept. 1919, Prof. H. Bark- 
HAUSEN describes some experiments by which diseontinuities in the 
magnetisation were made detectable by a telephone. To this end 
an iron rod was placed vertically in a small solenoid which was 
connected to a triode-amplifier. When a small permanent magnet 
was brought by hand near the iron rod, so that the latter became 
magnetised, a rustling sound in a telephone connected to the 
amplifier could be heard, which sound was due to the induction 
pulses caused by the discontinuities. 

Repeating and extending these experiments we observed some new 
phenomena, which may be described here briefly. 

At the outset it may be remarked, that the mentioned rustling 
was known already in the technies of wireless telegraphy where it 
was regarded as troublesome in the use of the magnetic detector of 
MAaRcoNI '). 

In our experiments we used a so-called three-stage low-frequency 
amplifier, in which the energy-transport from triode to triode took 
place by means of small transformers. The terminals of the solenoid 
that contained the iron to be magnetised were connected with the 
filament and the grid of the first triode either directly or by means 
of a small transformer of suitable dimensions. 

The rustling in the telephone, due to the induction-pulses in the 
solenoid must primarily be caused by a diseontinuous change of the 
total flux through the solenoid which aceompanies the sudden changes 
of magnetisation-direciion of molecule-groups or of jron-erystals. 
When in this phenomenon the magnetisation of the separate iron- 
erystals is reversed suddenly by the external field, we should expect 
that the change of the number of lines of force that are already 
present in the case of spontaneous magnetisation and which must 
deseribe in the air small eurves near the surface of the iron, will be 
best observed by means of a solenoid fitting narrowly round the iron. 

1) Eccres. Wireless Telegraphy and Telephony, 2nd Ed. p. 284, er 

Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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In order to try this two solenoids were wound, the first one fisting 
narrowly round the iron (1.10% windings of 0,1 m.m. copper wire) 
the second one with an inner diameter of 24 m.m. (1.7.10 windings 
of the same copper wire). The diamet&# ot the soft-iron core was 
1,00 mm. Therefore the wider solenoid had an inner diameter 24 
times that of the core. 

The rod was magnetised longitudinally by means of a small 
permanent magnet that was slowly brought near the core with the 
hand. Using then the narrow solenoid we could hear some increase 
in the intensity of the rustling, but not to such a degree as might 
be expected from the conception that prineipally the number of 
lines of force in the immediate neighbourhood of the iron is changed 
discontinuously. 

This experiment leads therefore to the view that the magnetisation 
of long filaments of molecule-groups are reversed as a whole, and in 
such a way that the direction of such a group coineides with the 
external magnetomotive force. For only then induction-pulses are 
possible of the same order of magnitude in two solenoids one of which 
fits narrowly round the core, while the second has a diameter 
more than 20 times that of the iron core. The distance between the 
poles of the permanent magnet we used was 60 m.m. At both sides 
of the solenoids, the core could be touched by the poles. 

Generally an annealed soft-iron wire shows the diseontinuities very 
well. Even an iron wire thick 0,1 m.m. (annealed beforehand in 
a hydrogen atmosphere) showed the phenomenon distinetly, only 
over a sborter distance of the movable magnet, which can be simply 
explained by the iron being sooner saturated. This is also in good 
agreement with the hypothesis of the existence of long iron filaments, 
which are discontinuously magnetised each as a whole. 

As still other ferro-magnetie substances than iron were investi- 
gated, we may already here compare the characteristie iron-noise 
with a long-stretched french “ch.”, viz. a sound that consists of a 
very great number (for the present not yet to be estimated numeri- 
cally) of soft ticks of nearly equal intensity ; only with a greater 
amplification some sharply defined erashes are audible. 

When now a soft-iron wire (diameter e.g. 1 m.m.) has been 
magnetised first by bringing the magnet within a small distance 
from it, and wben afterwards this magnet is taken away again, the 
characteristic iron-sound is heard during both operations. A rema- 
nent magnetism will however still be in the wire. When thereupon, 
we draw with short pulls at the iron-wire, we hear in the telephone 
at each pull again the characteristie iron-sound. With short pulls this 
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may be repeated 5 or more times. When by stretehing the'remanent 
magnetisn has been destroyed, further stretehing does not recall the 
sound. Exactly the same phenomenon is observed during small torsions 
after magnetisation of the wire and also during a short heating of 
the wire e. g. by touching the wire with a Bunsen-flame, each time 
during part of a second. The sound heard during stretehing, torsion 
or heating has quite the same Character as that observed during the 
magnetisation. We‘therefore conelude: the destruction of the remanent 
magnetism in soft-iron by stretching, torsion or heating gives rise to 
discontinuities analogous to those oceurring during the magnetisation 
or demagnetisation. 

A strong circular magnetisation causes a superponed magnetisation 
in longitudinal direction of the rod to take place without disconti- 
nuities. For the above mentioned 1 mm. thick soft-iron wire a current 
.of 7 Amp. had to be sent through it to produce the eireular mag- 
netisation before the sound vanished. During such an experiment the 
temperature of the wire is of course considerably higher and one 
might feel inclined to ascribe the failing of the discontinuities to 
the rise of temperature. However, immediately after the closing 
of the current of 7 Amp. the sound vanishes in the case of longi- 
tudinal magnetisation and immediately after the breaking of the 
eurrent it reappeared. In both cases the change of temperature must 
be still small. These experiments therefore prove that it is the eircular 
magnetisation tbat prevents the discontinuities in the longitudinal 
magnetisation taking place. 

An annealed iron wire shows further by this sensitive method of 
observation the following remarkable property. When the iron has 
received its remanent magnetism in the above described way, this 
"may be destroyed under the characteristie iron sounds by bending 
the part of the rod within the solenoid alternately to the right and 
to the left. But when afterwards this bending is continued the 
eharacteristie sound remains audible though somewhat weaker. Also 
a freshly annealed wire that has not been magnetised before, shows 
this last phenomenon. This bending may be repeated indefinitely, 
always the sound is heard with the same intensity. Tbis experiment 
seems to be a proof for the theory of Weiss on the spontaneous 
magnetisation of iron erystals.. We may not consider the phenomenon 
to be due to the presence of the terrestrial field; for a weak direct 
current through the solenoid compensating or incereasing the field in 
the coil has no influence whatever. We might formulate an explanation 
"in the following way: by the bending the ımutual positions of the 
spontaneously magnetised cerystals are changed and by reversing 
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their sign of magnetisation, intermediate positions of equilibrium are 
taken up by the erystals. The bending-back of the rod gives rise to the 
same phenomenon. 

Next cobalt was investigated. This material was at our disposal 
only in the form of eubi with edges of 9 mm. Ten of. these eubi 
placed in a row and kept together by thin paper, formed a rod which 
could be lifted as a whole by our magnet. The total induction was 
therefore of the same order of magnitude as for the iron notwith- 
standing the thin air-layers between the separate eubi. Result: 
eobalt produces a sound of the same nature as that of iron but of 
smaller intensity. Without an amplifier the phenomenon is well detectable 
with iron, but hardly with_cobalt. | 

Nickel behaved differently. Even without amplifier separate ticks could 
be heard distinetly. With a three-stage triode-amplifier these ticks 
are very loud and remind one of explosions. The degree of purity of 
the nickel used was not known accurately. Perhaps small impurities 
influence this phenomenon. 

Bleetrolytie iron gives the characteristie soft-iron sound, but con- 
siderably weaker. 

The maximum intensity of sound was obtained by a 1.98 mm. 
thick nickel-steel wire. With the three-stage triode-amplifier the sound 
that is heard in the telephones during the magnetisation of nickel- 
steel can hardly be endured by the ear and, when the telephones 
are laid on the table, it was very well audible everywhere in a 
room of 7x7 m. and even outside. The sound of this material 
consists of a very great number of explosions quickly succeeding 
each other; this makes this nickel steel wire especially suitable for 
a further investigation of the discontinuities. 

In the experiments described above the continuous change of the 
field was obtained in the same way as by BarKHAUSEN viz. by 
bringing a permanent magnet gradually nearer with the hand. The 
distinetness with which ihe phenomenon was observed in the case 
of nickel-steel allows a more accurate working-method. Hence we 
tried to produce a continuous change of the field by means of a 
gradually increasing current. | 

Experimentally, however, it is not a simple matter to alter the 
intensity of the field by means ofa current so gradually that, without 
iron, no sound is heard with a triode amplifier. Some experiments 
were made with a second solenoid placed inside the first and 
through which a current was sent that was also caused to flow through 
a very great selfinduction (a Rumkorf-magnet with short-eireuited 
iron-core). When now a rod of nickel-steel was placed in the inner 
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solenoid, we heard during the exponential increase of the eurrent after 
it was closed a very great number (not yet estimable numerically) 
of ciaps within a short interval. At the end, when the eurrent 
had nearly reached its maximum value, some isolated diseontinuous 
magnetisation-changes were distinetly audible. 

After that one single isolated discontinuity was thus observed, the 
variation of the intensity of the field by means of a current was 
no longer used and we returned to the movable permanent magnet. 
This time however the magnet was fixed to a support that was 
adjustable by means of a micrometer-serew. In this way the distance 
between the magnet and the nickel-steel rod which was to be 
magnetised, could be changed very continuously by turning a small 
handle. The magnet was fixed with the poles vertically above each 
other at the same height as the solenoid surrounding the nickel-steel 
rod, and at a distance from it of about 5 em. By means ofa second 
magnet, a remanent magnetism was now given to the rod in such 
a sense that it was decreased by the approach of the mierometrically 
adjusted first magnet. By gradually changing the position of this first 
magnet the intensity of the field could be changed very slowly ina 
continuous way. In this way the discontinuous reversals of the 
magnetism of, in our opinion, long crystal groups may be investigated 
in greater detail and the discontinuities can be heard isolated. | 

With the arrangement described above {he following phenomenon 
was found. When the magnet was quickly brought 1 m.m. nearer 
to the nickel-steel rod, of course the described claps were heard. 
But also afterwards, when by keeping the magnet fixed in the new 
position, the field was thus kept constant, we could distinetly hear 
in the telephones still several discontinuous magnetisation changes. 
The last discontinuities were heard sometimes 7 seconds after the 
field had remained constant. 

The great intensity, with which in nickel-steel the general pheno- 
menon was detectable, enabled us to investigate the discontinuities 
in the magnetisation also galvanometrically. To this end the solenoid 
was connected direetly (without amplifier) to a Sırmens and Harske 
galvanometer, system resistance 300 Ohm. With the external connection 
of the instrument to the solenoid, it was not damped to such an 
extend as is the case with the Grassot-fluxmeter, where the deflection 
obtained by an induction-pulse, remains practically constant for minutes. 
A slowly ereeping back after an induction pulse could not be avoided. 
But still, notwithstanding this insufficient damping, the ideal property of 
the flnxmeter wasapproximately obtained, in which the galvanometer coil 
always tries to take up such a position that the total flux through the 
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whole circuit (galvanometer-coil + solenoid) remains constant. 
When now the magnetisation of the nickel-steel were perfectly con- 
tinuous, the continuous approach of the magnet should give 
rise to a gradual increase of the galvanometer deflection, while this 
should remain approximately constant, when the field did not change 
any longer. The discontinuities that occur in reality in the induetion 
during a eontinuous change of the field become manifest by the jumps 
of the galvanometer deflections. With a scale-distance of 4 m. we 
observed jumps from 5 to 7 ım.m. (scale divisions) during perfectly 
continuous changes of the field. 

Between these jumps small periods were observed during. which the 
induetion, as far as could be observed at least, increased continuously 
together with the magnetic force. 

When after the field had increased for some time, which was 
accompanied by the discontinuities, the field was weakened again 
by taking the magnet away a certain distance (say a few m.m.) 
and afterwards again increased beyond the point first reached; 
then however no discontinuous changes in the magnetisation oceur 
neither during the weakening nor during the increase up to the 
point where the field had reached the previous value. 

As soon however as this point is passed, the discontinuities are 
again observed witlı the same intensity as before. Compared with 
the intensity of the field the continuous increase and the preceding 
decrease of the induction are much slower than in the discontinuous 
region. The described phenomenon is represented schematically by 
fig. 1, where the curve was described in the direction of the arrows. 


Fig. 1. Fig. 2. 
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The detailed structure of the diseontinuities in the induetion as they 
have been observed with the galvanometer, is- roughly indicated 
in fig. 2. It is seen that as a rule the value of B before making a 
Jump, remains constant a little while. The smallness of, the jumps 
and the insufficient damping of the galvanometer, however, rendered 
the observations very diffieult. 

By conneeting the Solenoid round the nickel-steel rod both with 
the galvanometer and with the triode-amplifier, the stronger claps 
could be indentified with the greater jumps in the galvanometer 
deflections.. The weaker claps however could not be observed 
galvanometrically. 

Finally the order of magnitude of the discontinuities in the induction 
was determined for nickel-steel. 

To that purpose a second coil (diameter 8,65 mm., one layer of 
50 windings of length 45 mm.) was placed inside the first solenoid. 
A pulse of the current of 40 milli-ampere was necessary to obtain 
a leap in the galvanometer deflection of the same order of 
magnitude as those observed during the magnetisation of the nickel- . 
steel. The intensity of the field in the coil was therefore: 

HA=0.4xn, tan. = 04» EE 0,04 — 0,56 Gauss. 

We thus find for the change of the flux through a winding of 

the solenoid | 
2 
N an =) 0,56 = 0,33 lines of force. 

When therefore we assume the conception above described of the 
change of sign of magnetisation of long filaments to be correct, we 
should find for the order of magnitude of the cross-section of such 
a fibre of the ferro-magnetie nickel-steel : 

0.33 MR 

apon,. ee 10 em’. 
on the assumption of a maximum induction 18000 as for iron. 

Assuming finally a eylindrical form we find for the diameter: 
0,05 mm., 

a not quite improbable value. These calceulations are however to be 
'regarded as preliminary; further investigations being indispensable 
to bring more clearness in this complicated phenomenon. 


Physics. — “Investigation by means of X-rays of the erystal- 
structure of sodium-chlorate and sodium-bromate”. Communi- 
cation N’. 5 from the Laboratory of Physies and Physical 
Chemistry of tle Veterinary College at Utrecht. By N. H. 
Koı.kmever, J. M. Bisvort and A. Karssen. (Communicated 
on behalf of Prof. W. H. Kixrsom, Director of the Laboratory, 
by Prof. KAMmERLINGH ÖNNBS). 


(Communicated at the meeting of May 29, 1920). 


$ 1. Introduction. For biologieal science every deepening of our 
insight into the nature of the chemical bindings of the element 
carbon, so important for the organic world, will be of great value. 
In eonnexion with the investigation of the structure of the modifications 
of the element carbon itself this point has already been in discussion '). 
Also the close connexion between the atoms of the group CO, 
that has been stated in caleite ’) forms an important datum for the 
purpose. Therefore we originally intended to investigate the erystal- 
structure of other carbon-compounds. Sodium-carbonate and sodium- - 
bydrocarbonate first came into consideration because of their 
importance for animal life. Considering, however that we could 
expect to meet with great difficulties in these investigations especially 
in the caleulations as a consequence of the erystal-water resp. the 
monoclinie erystal-system, we first investigated some substances witlı 
analogous structure, for which these diffieulties were not to be 
expected. We chose sodium-chlorate and sodium-bromate both 
erystallizing in the cubie system. We also hoped that these substances 
might give us some indications on the remaining together of the 
atoms of the acid-radical. 


$ 2. Present knowledge on NaClO, and NaBrO,. In P. Grorw’s 
Chemical Orystallography, the erystalforms are described into which 
NaClO, and NaBrO, can crystallize under different eircumstances. 
When crystallized from solutions in water these substances give at 


') P. Desise and P. SCHERRER, Phys. ZS. 19, (1918) p. 476. 

D. Coster, These Proceedings, 28, (1919) p: 391. 

N. H. KoLKMEIJER. Comm. NP. 4, These Proceedings, 28, (1920) p. 767. 
?) W. H. and W. L. Bracc, X-Rays and Crystal-Structure. London, 1918. 
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roomtemperature cubic tetartohedral forms. Both of the chlorate and 
of the bromate two enantiomorphous forms occur. In connexion 
with this phenomenon the crystals themselves show rotation of the 
plane of polarisation for every direction of the rays, while the 
solutions are non-active. The polar ternary axes are electric axes. 
With regard to these properties we thought it desirable to determine 
the structure of these erystals. 

BECKENKAMP !) investigated already this structure theoretically ; his 
conelusions were however not confirmed by our investigations. 

W. H. and W. L. Brage°®) simply mention, that in the cerystals 
of sodium-chlorate the places of the sodium- and Cl-atoms differ 
very little from those in sodium-chloride. From the following it will 
be evident that on the whole we agree with this opinion. 

Jarger and Hasa°) took Lavr-photograms of NaClO,; they did not 
derive details on the structure from them. 


$ 3. The apparatus used. This was equal to that, described 
in a preceding communication ‘). This time the finely powdered 
substance was divided as equally as possible by means of a little 
collodion on a glass rod (diameter + 0,1 mm.) in a layer less than 
0,5 mm. The rod was fixed to the lid of the camera; by means 
of this lid it could be turned about its length axis during the expo- - 
sure in order to avoid the sceratches on the interference fringes 
caused by greater crystal-particles, which hinders the determination 
of the intensities’). Because of the small depth of the layer the 
correetion for the thickness of the rod, given in Communication 
N’. 2°), was now much smaller than it was then. The glass core 
of the rod gave no diffieulties. 


$ 4. Caleulation of the erystal-structure. In the tables I and II 
are to be found for the chlorate resp. the bromate in the columns 


!) Comp. J. BECKENKAMP, Z. f. anorg. u. allg. Chemie, 110, (1920) p. 290. 

») W. H. and W. L. Braae, X-Rays and Crystal-Structure, London 1918. p. 173. 

3) F. M. JAsGer. These Proceedings Vol. 17 (1915) p 1204. 

a) A. J. Busu and N. H. KoLKMENER, These Proceedings 21 (1918) p. 408. 
Communication NP. 1. 

5) That these scratches touch the interference fringes has been explained |.c. 
p. 407. This time some films taken without turning of the rod showed also inter- 
secting scratches; this intersecting can be explained in the indicated way when 
_ the height of the exposed part of the substance is taken into consideration. By 
decrease of this height the intersections vanished. 

6) A. J. Bısu and N. H. KoLKMeEiser, These Proceedings, 21 (1918) p. 496, 
Comm. N°. 1 
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—| 


Na Br O, 
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TABLE Il. 


Distances in 


| 


Cug -radiation 
a 


Cu Ben | 


510 


0.1mmand | 103sin? 3 L 
 estimated er: I 
3 5in2 3sin2 
| intensities | (corrected) | &h? ER 2 ; hhhah, |, Ih2 eein 2  hyhahz 
(calculated) (calculated) 
IE 2 3. 4. D: 6. 1. 8. 
98 fm 2 2 25 110 
119 vf 39 3 39 111 
136 fm 52 4 53 200 5 54 210 
149 vs 64 5 66 210 6 65 211 
165 f 79 6 79 211 
221 
182 fff 97 9 97 
300 
221 
201 vf 119 9 119 | 
300 
224 vf 152 14 151 321 
250 vs 184 14 184 321 
322 
274 vf 221 17 224 
410 
293 vf 251 19 250 331 
? H 431 
308 f 275 21 276 421 26 280 | 
510 
331 vf 313 24 316 422 
431 
341 s 342 26 342 
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1 the distance from the central part of the image on the film to 
the interference fringes, expressed in 0,1 mm. and the estimated 

Bi. 
intensities. In the columns 2 are given the values of 10° sin’ z 
caleulated from these data. In the ordinary way the numbers, refer- 
ring to ß-lines, have been separated. In accordance with the ‘eubie 
erystal-form of both substances it was then found that the values 


of 10: sn“ of the a«-lines possess a common factor viz. for the 


chlorate A,— 13,79 and for the bromate A, — 13,16. The columns 
3, 5, 6, and 8 contain derived from these the indices triplets (resp. 
the sums of their squares) of the lines; the columns 4 and 7 the 


[] 3 e 
values of 10° sin’ 5 ealeulated with the mentioned values of A. 


From the obtained values of A, we find, in connexion with. the 

molecular weights, the densities (resp. 2,496 and 3,254), the number 

of AvoGapro 6,062.10°°) and the wave-length of the Cu, -radiation 
=: 


(1,537.10-8 cm) for the number of molecules per elementary cell 
resp. 3,98 and 3,93. This number is therefore for both 4'). 
This gives for the edge of the elementary-cell 6,55.10 3 and 
6,74.10-8 for chlorate and bromate resp. 

_ Then we investigated which grouping of these 4 Na-, 4 Cl- resp. 
Br- and 12 O-partieles in the cell fulfils the symmetry demands 
that can be derived from the erystal-forms (viz. three binary axes, 
four polar ternary axes, rotation of the plane of polarisation). 'The 
model obtained in the following way fulfils these demands (see fig. 1). 
Divide the cell into 8 eubes, draw in four of them that have 
only edges in common‘ a cross-diagonal so that they do not 
intersect. Place on one of the diagonals arbitrarily a sodium- anda 
halogen-particle. The places of the other sodium- and halogen-par- 
ticles are then fonnd directly by means of the ternary axes. 
"Place one oxygen-partiele arbitrarily, the places of the other ones 
follow then again. 

The described ınodel cannot cover its mirror-image (see fig. 2) 
which is in agreement with the optieal activity. 2 

For the caleulation of the places of the atoms we chose as para- 
meters, one of the three equal rectangular coordinates of one of 
the sodium partieles a (expressed in the side of tlıe cell as unit), 
one of the three equal coordinates of one of the halogen partieles 


!) The essential difference with the model given by BECKENKAMP (l.c. p- 300) 


is that there this number is 16 (or 2 in a cube with an edge of half the valuey, 
which is in contradiction with our film. 
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4 band the three ceoordinates p, g and r ofone ofthe oxygen par- 
ehe ae be, pet, g= li, r=H we 


found intensities of the lines which suffice both for the chlorate and 
for the bromate, as is shown by the tables III and IV. The possible 


Fig. 2. 


650 


NaC10; TABLE Ill. ae 
| INTENSITY 
Planes Calculated 
Observed |- - 
A B 6 D 
100 ? Bar 0° 0 0 
110 f 137 146 55 5 
111 f 47 70 22 4 
200 s)) 80 95 Buren 32 
210 vs 395 444 252 123 
211 m 114 139 80 44 
220 2 ) 0. 1 3 
221 54 70 37 24 
m 54 70 37 | 24 
300 0 10 0 0 
310 vf er 10 2 () 
311 f2) 18 22 13 9 
222 gi 8 7 2 0 
320 vf 12 8 4 1 
321 vs 147 194 115 73 
400 ni , 1 4 3 5 
322 12 6 4 1 
a 4 \ z a 2 35 e oe a 
330 20 13 7 1 
A a4 R 25 N 26 “ 14 N 10 
331 vf 36 47 24 23 
420 = Sum 26 15 6 
421 f3) 34 22 12 11 
332 — 29 19 10 1 
422 = 1 6 1 N 
m 6 5 2 
” > „ ; ‘ j R ä n 0 
431 27 36 24 96 
510) m 1, el ar | 


nn 
!) at the same time ?#-line of 210 vs. ?) at the same time #-line of 321 vs, 


3) at the same time #-line of 431 m. 
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Na Br O; TABLE IV, 
INTENSITY 
Planes Calculated 
Observed 
N ® D 
100 ? >58 N) N) 90 
110 {m 376 391 228 97 
11 vf 216 261 155 88 
200 fm ') 179 197 143 100 
210 vs 864 881 643 409 
211 f 288 324 228 159 
220 = 3 9 9 16 
221 149 179 107 97 
vf 149 179 107 97 
300 ) 0) 0 ee 
310 . 53 91 54 46 
311 f2) 41 50 37 32 
222 = 23 32 19 16° 
320 aa 36 61 32 33 
321 vs 393 a7ı 338 260 
400 = 11 19 15 1 
322 16 21 12 11 
| vf | 152 | 193 | 137 | 113 
410 136 172 125 102) 
330 20 13 7 1 
| ” | 53 | 65 | 46 | 43 
411 33 52 39 42 
331 vf 92 115 85 713 
420 r 46 43 30 19 
421 5) 43 33 43 59 
332 = 29 19 10 1 
422 vf 30 50 30 25 
19. 32 19 17 | 
= 5 | 19 | 32 19 | 17 
500. ) 0 f) ) 
ABl ch 18 144 96 112 
= | s | 86 | 154 | 102 | 118 
510 8 10 6 6 


een N > 1 
!) at the same time ?-line of 210 vs. 2) at the same time ?-line of 321 vs. 


3) at the same time #-line of 431 Ss. 
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error in the value of d for the bromate is about 0,01 of the cell- 
edge, the accuracy of the other parameters is much smaller '). 

In the ealeulation. of the intensities we have taken into consider- 
ation besides the structure factor ”) only the number of planes and 
the Lorkntz-factor. We thus have neglected the absorption in the 
rod, the temperature-factor and the polarisation-factor. This is allowed, 
when only we compare the intensities of very close neighbouring 
interference fringes. 

Starting from the assumption that the X-rays are deflected for 
the greater part by the electrons, we caleulated the intensities under 
the following simplifying assumptions. 

Round the sodium point we place 10 electrons (monovalent positive 
ion)®); the weakening of the coöperation by mutual interference is 
neglected. Round the halogen particles we place in the cases A,B, 
C, and D of the columns 3, 4, 5, and 6 of the tables III and IV 
respectively 12,18, 12, and 10 electrons for the ehlorate and 30, 36, 30, 
and 28 electrons for the bromate, while again the same neglections 
were made; in the same way for an oxygen particle resp. 10, 8, 
6, and 2 electrons. All this is based upon the following suppositions: 

in case A: pentavalent positive halogen-ions and bivalent negative 
oxygen atoms; 

in case B: monovalent negative halogen-ions and oxygen-atoms; 

in case CO: binding of oxygen in the halogenate-ion by a ring of 
four eireulating electrons, of which two are derived from the oxygen- 
atom and two from the halogen-atom. The interference-effeet by these 
binding-electrons has been neglected ; 

in case D: binding between halogen and oxygen, where the effect 
due to the total outer electron rings, to which the binding electrons 
belong, has been neglected. 

From the tables III and IV we see that the agreement beiween 
the calculated and observed intensities is good from which of these 
suppositions we may start. 


!) This must be ascribed to the fact that the displacements of the Br-particles 
can only be very small when their influence on the interference-result shall be 
compensated by displacements of the other particles. This is the case to a much 
less degree for the Cl-particle because of its low atomic number. Therefore we 
cannot give a limit of the accuracy of the parameters either for this particle or 
for the O- and Na-particles. 

2) In the caleulation of the structure-factor we took into consideration, that for 
planes with three unequal indices for the symmetry of these crystals this factor 
depends on the succession of the indices. Comp. W. H. and W. L. Brass, l.c 
p- 151. 

») P. DEBIJE and P. SCHERRER, Phys. ZS. 19 (1918), p. 474. 
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From the values found for the parameters it is evident that each 
time three oxygen-particles are Iying close round each halogen- 
particle; the plane of the three oxygen-partieles perpendicular to a 
ternary axis contains, approximately at least, the halogen-partiele. 
The distance between the centres of a halogen- and one of those 
neighbouring oxygen-partieles is about 4 of the parameter of the 
lattice '). The situation of the-groups Nat and OlO,— resp. BrO,— can 
be found from the‘ NaCl-model by diminishing the distance between 
the opposite ions all by about 4 of their value. 

Finally we wish to express our indebtedness to Prof. Knesom for 
his kindness to place his laboratory at our disposal for this investi- 
gation and for his great interest and help. 


!) (Note, added during translation). Quanlitatively these values are not in accord- 
ance with the data of Brace (Phil. Mag. (6) 49 (1920) p. 169. The distances of 
the centres of an O- and a Cl-atom or a Br-atom, which, according to Braae’s 
data ought to be 1.70.10-8 and 1.84.10-8 respectively are found by us as 
0.910.10-8 and 0.937.10—8 respectively This discrepancey is not astonishing, 
seeing 1 that in note 1) of the preceding page some reserve is made about the 
accuracy of the parameters for the O-partieles; 2 that Brase expects a shortening 
of the distance in discussion in radicals in which there is strong binding. 

We thought it desirable however, to investigate this point nearer, with this 
aim new photos will be taken and discussed by two of us (B. and Kaj. The 
intensities of the lines with the smallest radii especially, lIying in a dark part of 
the film, can perhaps be determined more accurately, when an antikathode is 
used, which gives a larger wavelength and when the radius of the camera is 
enlarged. 
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Physiology. — “Un the adsorption of odorous molecules to the 
surface of solids.’ By Prof. H. ZWAARDEMAKER. 


(Communicated at the meeting of February 22, 1920). 


In the meeting of 24 May 1907') I pointed-out that in many 
cases a prolonged and marked adsorption of odorous molecules to 
solid bodies takes place, as soon as their surfaces have come into 
contact with gases that are mixed with odoriveetors?). The simple 
act of opening a bottle filled with valerianie acid suflices to cover 
all the objeets in a large room with valerianie acid molecules, so 
that when rubbing their surfaces with a dry wad of cottonwool, 
the latter is sure to give offa smell of valerianie acid. Even the water 
in which. glass objects are washed that were in such a room, 
distinetly betrays the presence of odorous matter in a subsequent 
spraying under overpressure of two atmospheres and when studying 
the vapour electrieity ensuing from it. °) 

The occurrence of these adsorptions depends chiefly on the presence 
of a condensation layer of air and watervapour on all surfaces. *) 
Besides, there is a possibility of a direet adsorption to surfaces froın 
which this condensation layer has been purposely removed. Finally 
adsorption may occur to electrically ceharged surfaces, which attraet 
particularly the particles of opposite sign that are present in the air. 

We will: call the various forms of adsorption to the surfaces of 
solid bodies adsorptions of the 1%, 2nd and 3"d sort. 

Those of the first sort comprise nearly all common cases of ad- 
sorption of odorivectors to solid. surfaces. 

Those of the second sort are very rare. Strietly speaking they 
oceur only on cleansed surfaces of amber, sulphur or paraffin, on 
which the eondensation layer may be missing, and which econsequently 
‚are excellent insulators for statie eleetrieity. 


I) Kon. Akad. v. Wetensch., Amsterdam, Proc. June 29 1907. This investigation 
has afterwards been extended by J. HERMANIDES, see Onderz. Physiol. Lab. Utrecht 
(5) 1909 X. bl. 28. Also H. ZWAARDEMARER in Tigerstedt’s Hdb. der Physiol. 
Method. Bd III, p. 49. G. van Dam, Arch. neerl. de Physiol. t. 1. p. 664, 1917, 
A. Heynınz, Essai d’Olfactique physiologique, Bruxelles 1919, p. 82. 

2) A. Heynınx, l.c., p. 19. 

3 H. ZWAARDEMAKER, Arch. neerl. de Physiol. t. 1. p. 347. 1917. 

4) Bussen, Wiedemann’s Annalen, Bd 24, p. 321, 188. 
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The adsorptions of the third sort manifest themselves, when emanation 
is adsorbed to objects that may be considered as having a negative 
electrical charge, and they can be brought forth in special experiments, 
when gases, containing gasions or condensation-droplets, are placed 
between condensator-plates. 

The adsorptions of the first sort occur everywhere in daily life. 
According to Gıpps’ theorem!) all substances that lower the surface- 
tension of the fluid of which the layer is composed, attach them- 
selves to the condensation layer that covers every object. The con- 
densation layer consists mainly of water, and since all odorous sub- 
stances lower the surface-tension of water*), the adsorption of odori- 
vectors must occur in all cases. It is specially those odorous sub- 
stances that possess great surface-activity, which will be largely 
adsorbed. 

lt seems that the sublayer has some influence on the composition 
of the adsorbed air-vapour-layer. It may be assumed that all sorts 
of oxidation-produets and decomposition-products of the solid sub- 
layer, as well as substances that have been dissolved in it, will 
pass into the condensation-layer. On metals we may look for oxides, 
on glass for alkali, on ebonite for sulphurie acid. Quartz is also 
hygroscopie and colloid chemistry assigns a reaction to its surface. 
I feel inclined to ascribe to these components dissolved in the con- 
densation-layer, tbe specific character which experience has taught 
us that belongs to the adsorption of odours by certain surfaces. 

By my method (transmission of air at the rate of 100 cubie cm. 
per second through cylinders of different material with a lumen of 
0.8 cm., a measured quantity of odorivector being added to theair) 
the quantum of odorous matter in the air can be determined which 
has passed along the inner surface of the eylinders. 

To perform this we should take into account the odorimetrical 
coeffieient of the olfactometer that served as source of smell, as 
well as the minimum ‚perceptibile of the odorivector in absolute 
measure. Both are known for the cases published previously and 
from them A. Heynınx and myself have deduced the partial tension 
of the odorous gas that served as odorivector. 

T will report some of my results here: 

Pyridin was hardly adsorbed to glass though a large quantity of 
it was present in the air; 'valerianie acid, however, of which there 
was only a small amount in the transmitted air, was retained for 


2) J. WıLLarp Gisss, Thermodyn. Studien, Uebersetzt von W. OstwALD, Leipzig 
1892, S. 258. 
2) Acta otolaryngologica, Vol. 1, p. 54, 1918. 
42* 
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a very long time. Neither did pyridin attach itself to aluminium, to 
which seatol again was largely adsorbed, although there was much 
less of it in the air. Iso-amylacetate was adsorbed to iron and tin 
only for a short time; scatol again for a long period, in spite of 
the small difference in the partial density of the air. Porcelain, on 
the contrary, attracts iso-amylacetate more than any other substance, 
scatol least of all. 

When, as was the case just now, the adsorption of the first sort 
is aseribed  entirely to the presence of the condensation-layer, the 
duration of the adsörption will be a funetion 1. of the lowering of 
the surface-tension of water together with what had already been 
dissolved in it; 2. of the solubility of the odorous matter in water; 
3. of the thiekness of the eondensation-layer; 4. of the volatility of 
the odorous matter from water. 

The possibility of this differentiation proves the existence of a 
specificity. 

As said already, there are some solids without a condensation- 
layer, or- if they have any it seems to be so inappreciable that no 
ions are available to eonduet the electrieity so that they may serve as 
insulators for statie eleetrieity. For this purpose amber, paraffın 
solidum and sulphur are used. These substances are not moistened 
by water‘), for when tracing a channel in these substanees by means 
of a darning needle no water will appear in it. This is indeed the 
case with a certain number of other odorous substances. With the 
method previously described we were able to demonstrate that a 
rather considerable number of odoriveetors added to the air that 
passes through a tube of amber, sulphur or paraffin, is adsorbed to 
the inner surface of such a tube. To amber e.g. borneol scent is 
retained 1 ınin., ereosol 1 min., geraniol 8 min., vanillin 29 min., 
nitrobenzol 37 min. Broadly speaking here also the different degree 
of adsorption must depend on the difference in the lowering of the 
surface tension of the solid surface. 


In the case of the first sort as well as in that of the second the 
odorous substance must at length be dissolved also in the lower 
layers. In the first case it is the condensation-layer that is saturated 
with odorous matter and finally imparts a small portion of the 
dissolved substance to the sublayer. In that way the odorous matter 
can be retained almost for ever and it appears that the adsorption 
continues also after removal of the condensation layer. Thisphenomenon 


l) Vide: R. S. WoLLows & F. HATSCHEK, Surface Tension and Surface Energy, 
2nd edition, London 1919, p. 89. 
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is seen in glass after a short exposure to muscon; while of objects 
such as rubber gastubes it is known that they can hardly ever be 
freed from gassy smell or from vinegary smell after the trans- 
mission of acetic-acid gas. With adsorptions of the second sort the 
phenomenon also appears especially when we endeavour to retain 
odours in a space with paraffin-covered walls. 

Odorivectors are also strongly adsorbed by paper, even when it 
has been made non-conductive by being heated for some minutes, 
which deprives it for sone time of its condensation layer. Many 
remarkable instances oceur in which one adsorption cancels another. 
Eugenol, resp. xylidin e.g. drive out allylalcohol, but the reverse 
does not take place. Here also surface-activity must be paramount. 

The application of electrical changes on the objects does not modify 
the adsorption relations of the 1° and 2nd sort, so far as I could 
ascertain. For the adsorption of the 3'4 sort, however, they are 
conelusive. The latter do not exert an influence on the adsorption of 
smells, which, indeed, need not surprise us, since thus far odorous 
molecules in gaseous state have proved to be uncharged '). 


!) Hdb. d. Physiol. Methodik, Bd Ill 1, p. 50, 1910, A. Heynınx, Essai d’Olfac- 
tique physiol., Bruxelles 1919, p. 221. 


Physiology. — “On Spray-electrieity of Solutions of Electrolytes’. 
By Prof. H. ZwAARrDEMAKER and Dr. H. ZEEHUISEN. 


(Communicated at the meeting of April 23, 1920). 


Our experience regarding Spray-electrieity of aqueous solutions 

has led to the following results ') 
A EEE ER En EEE ESSENER SEEN EHER: 
Charge imparted by the nebula per 


| 
| cc. of sprayed liquid in 10710 
| Coulombs. 


Saturated solutions. 


Odorous substances (27 in numb.)  onanaverage 81 (extremes300 and 1) 


Saponins (22, soluble) _. e SH + 160) 
Antipyretics ( 9, soluble) | Sn = 4.4 ( S 1.9 yu2W.) 
Alkaloids (11, soluble) Ar h; 2.9 ( „ et), 


Perfectly pure water does not yield spray-electricity (fresh-distilled 
water); no more does Utrecht tap-water. Since, in subsequent expe- 
riments, with more sensitive apparatus also solutions of electrolytes 
proved to impart a weak charge, which may be positive, as well 
as negative, these solutions were examined more in detail. To this 
we were prompted all the more, since all groups of physiologically 
active substances mentioned above, gave only a positive charge, 
which got weaker with every following dilution, while ultimately 
there was no charge whatever. The strong positive charge of the 
substances is apparently correlated to their volatility, which mani- 
fests. itself, as has been described before, in their odour, in the 
odour of the nebula formed in spraying, in the decrease of the 
charge in their solutions, when an air-current is sent through, in 
the camphor-phenomenon, exhibited by many, in their boiling-point, 
etc. In the case of pure odorous substances this correlation controls 
smell-intensity and electrifying power. Generally the substances giving 
a positive charge exert a lowering influence upon the surface tension 
of the boundary surface air-water. 


') Proceedings 25 March 1916, 27 May 1916, 30 Sept. 1916, 23 Febr. 1918 
Arch. Neerl. de Physiol. t. 1, p. 847, 1917. 
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The negative charge must be ascribed to another cause. The 
slight, but distinet, negative charges of the concentrated anorganic 
salt-solutions cannot be correlated to the volatility of these salts, ) 
as the latter, though not totally absent, is extremely insignificant. 
The existence of a transition from positive to negative charges in 
the solutions of some organic salts, naturally compels us to assume 
two components of opposite sign, whose influence on the transmission 
of electrieity to the receiving disc is different. When considering the 
ions, generated by dissociation, as the carriers of the electrieity of 
positive and negative sign, the droplets which strike on the dise 
may be responsible. It is possible that this new charge is superposed 
on the charge given by the electricity of condensation drops. 

That the presence of electrolytical ions in the droplets must 
occasion a complication of spray-electrieity is obvious, since LENARD’S 
experience with regard to waterfall-electricity has thrown light upon 
the significance of the electrie double-layer, present in the surface 
of the drops. The outmost layer is negative, the inmost layer is 
positive. We may be sure that the influence of the former is greater 
than that of the latter, at least when the droplets impinge on the 
dise without great force. *) Still, the number of ions in the droplets 
cannot be small. When the ions of the superficial Jayers impart a 
charge to the dise when impinging upon it, the effect will probably 
be as great for the positive as for the negative sign. 

So far as we could judge, the solutions of anorganie bases and 
acids did not yield a charge in a single concentration. We examined 
the bases: potassiumhydroxid, sodiumhydroxide, ammonia liquida and 
bariumhydroxide; the acids: hydrochlorie acid, sulphurie acid, nitrie 
acid, phosphorie acid, hypophosphoric acid and hydrobromie acid; 
only hydrochlorie acid formed an exception ’). Of hydrochlorie acid 
the complete molecules are volatile, but take up such a low place 
in the homologous series that they cannot be expected to produce 
a charge. Possibly, when in a gaseous form, they can yield an 
extremely weak positive charge, which may compensate the nega- 
tive charge of the faintly impinging droplets. 


ı) C. ZenGHeLıs: “Ueber die Verdampfung fester Körper bei gewöhnlicher 
Temperatur”. Zeitschr. f. Physik. Ch. 50, 219 (1904), 57, 9 and 109 (1907). — 
Ca-sulphate, Ca-phosphate, and Ca-sulphite proved slightly volatile. 

2) H. ZWAARDEMAKER and F. Hoszwınn: ‘On Spray-Electricity and Waterfall- 
Electrieity”. Proceedings Vol. XXII. p. 429. 

3) This acid gave a strong positive charge and possessed a rather penetrating 
odour; in contradistinction to HCl and HBr it is not caustic when inhaled, even 


in a concentrated solution. 
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Among the organie acids and salts we observed some that were 
electrifying. To this category belong tlıe fatty acids, soluble in water, 
which have been discussed in a previous publication '). With strong- 
er concentrations the sign is found to be positive, with weaker 
ones negative, with a definite concentration, of course, passing through 
zero. The behaviour of bezoic acid, salieylie acid and laetie acid is 
completely analogous ?). 

With eitrie acid and hippurie acid the charge is, indeed, always 
negative, but in the strongest solutions that can be made at room- 
temperature, it approaches the point of transition, i.e. the negative 
charge begins to decrease again, s0 that whenever still more con- 
centrated solutions of ammonia-salts can be made, a positive charge 
comes forth. If the solubility of eitrie acid and hippurie acid were 
still greater, the point of transition from the negative to the positive 
phase would, with these salts, also be reached or passed. 

In comparing the curves of hydrochlorie acid, chlorammonia, 

benzoas ammonicus, and benzoic acid, a general view is obtained 
by means of the hypothesis that the influence of the anion contributes 
most to the charge of the drops in the nebula, because the anion 
lies most on the surface of the drops. In spraying, however, the 
disc takes a positive charge, especially when the large and volatile 
molecules have lost their superficial layer. 
. When meanwhile, by the side of the complete molecules, ions 
make their appearance in the liquid, an algebraie sum of charges 
is the consequence of it. A positive charge, as alluded to just now 
combines with the negative, which is imparted by the anions on 
the surface of the drops. With increasing dilution the algebraic sum 
comes nearer to zero and the point of transition is even passed. 

So far as we can see, the cation does not play an important part 
in this process. 

Resuming we found first of all that the negative charges of the 
strong solutions of the anorganic salt are extremely small; further, 
that the form and the intensity of. the negative phases of the charges 
of benzoas natricus and benzoie acid are strikingly uniform and 
that even their points of transition coincide. 

It may be conceived, therefore, that although the cations and 
anions in these solutions are equal in number, the latter are driven 


)) H. ZWAARDEMAKER and H. ZurHUIZEn: ‘On the Sign of the Electrical 
Phenomenon and the Influence of Lyotrope Series Observed in this Phenomenon’”. 
Proceedings Vol. XXI. p. 417. 


?) Also lactic acid in concentrated solution gave a strong positive charge; lactates 
were not at our disposal. 
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to the surface, so that the influence of the anions is greater than 
that of the cations. This rising of the molecules to the surface is 
aided through the addition of cane-sugar, which will intensify the 
charges, because the positive and the negative ions are expelled 
with nearly the same force (the former somewhat more than the 
latter). On the other hand addition of salt weakens the negative 
charges; therefore, infensifies. the positive charges. The lyotrope 
series are also of influence. 

The same considerations apply to the positive and the negative 
phases of the phenomenon in some terms of the fatty acid series: 
propionie acid, butyrie acid, valerianie acid, and caproic acid. The 
greatest negative charges occur with caproic acid, the smallest with 
propionic acid. Their positive charges are extremely intensive, since 


Negative charges of some anorganic salts!), (in Coulombs X 10-10 
per cc. of sprayed solution). 


Concentrations of the solutions. 
NAMES. 

In n. | 0.5n.|0.3n.|0O.1n. 
Lithium Chloride 0.13 0.11 0.10 0.08 0 
Na. Chloride | 0.13 0.10 0.09 0.09 0 
K. Chloride 0.10 0.087 | 0.07 0.07 0 
Ammonium-Chloride 0.096 | 0.07 0.05 0 0 
K. Nitrate - 0.08 0.055 | 0.04 0 
K. Bromide — 0.09 0.08 0.07 0.05 
K. lodide _ 0.09 0.08 0.07 0.04 
K. Phosphate _ 0 0.07 0.08 0.08 
Na. Phosphate — — —_ 0.05 | 0.04 
Na. Nitrate _ 0.08 0.07 0.04 | 0 
Ammonium-Sulphate _ 0.07 0.07 0.04 0.04 


we have to do with volatile entire molecules that lower the surface 
tension. 


1) The other substances examined: potassium-hydroxide, sodium-hydroxide, ammonia, 
baritum-hydroxide (bases), hydrochlorie acid, nitrie acid, sulphuric acid, phosphoric 
acid, hypophosphorie acid and hydrobromic acid, potassium- and sodiumsulphate, 
potassiumrhodanate, potassiumchlorate, sodiumfluoride, sodiumbicarbonate, sodium- 
biborate, magnesiumsulphate, potassiumpermanganate (salts), do not impart a charge. 
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For the positive charges we believe the entire molecules to be answer- 
able on account of their volatility and their surface-activity. The negative 
charges we believe to be evoked by the anions, which, conformably 
to Lenarp’s hypothesis regarding waterfall-electricity, are in the 
majority in the outer layers of the drops, when they impinge on 
the dise. 

Addition of sugar molecules drives the dissolved entire molecules, 
together with the ions of the discussed substances, to the surface. 


Physios. “On the Theory of Hiysteresis according to VoLtERRA”. By 
Dr. W. Kosrer Dz. (Communicated by Prof. W. H. Junius). 


(Gommunicated at the meeting of June 26, 1920). 


$ 1. In chapter VI of his “Lecons sur les fonctions de lignes” 
VoLTERRA treats elastic hysteresis. By the method developed by him 
there the equations expressing the components of the elastie tensions 
as functions of the quantities that determine the state of the elastie 
medium, are revised. In the classical theory of elastieity these 
equations have the general form: 

Component of tension — linear homogeneous combination of the 
quantities of deformation. (Law of Hookkz). VOLTERRA substitutes for 
this relation the equation: 


t 
Cih (t) ee bin/rs Yrs () - [= Win/rs (tx) Yrs (?) dr. 
0 


In this 4, represent the elastie tensions at the moment t, Ys (Ü) 
representing the quantities of deformation at that moment and y,s(?) 
the same quantities at a variable moment r. Further the d’s and 
the w’s are coeffieients; VoLTERRA calls the w’s coefficients of heredity. 

We shall show in what follows that dissipation of energy may 
ensue from these suppositions of VOLTERRA’S; i.e. in the case that 
his suppositions have physical meaning. 

We further point out that the idea on which Vor,terRra’s hypothe- 


sis is founded, is that of distance action in time. For the contribu- 
t 


tions to this ik I Wins (it) Yrs (T) dr are supplied by deformations y;,s, 
N) 


which existed at moments r in the past. This distance action in time 
is somewhat unsatisfactory, we ought to be able to manage with- 
out it. If at a given moment the condition is completely determined, 
the principle of causality tells us, tbat what will follow is also 
entirely fixed. Only with a definite previous history there will be 
another deformation at a fixed point of time than when the 
previous history had been different. We shall later on try to deal 
with elastic hysteresis without assuming distance action in time. 
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$ 2. Let us now proceed to the treatment of linear elastıe vibra- 
tion revised for hysteresis according to VOLTERRA. 
Then the following egnation holds for this movement: 


d’a 


t 
er; + ax = (7) p(t, r) dr. 


Now VoLTErRA shows that in general in case of elastic hysteresis 
Y(,r) must be a function only of (—r), though there are hereditary 
phenomena in which this need not be the case'). Disregarding the 
latter, we, therefore, write henceforth w(2—r). The fact that w has 
this form, is, indeed, easy to understand; if it is assumed that for 
what ensues it is only of importance how long ago certain forces 
acted, and not at what absolute points of time this took place 
precisely, only the difference of time ?—-r will appear, or in other 
words we imagine that the effect for what follows will be the same 
when we subject a certain previous history (with its consequence) 
to a translation in time. 

Let us now further assume in particular for w the form of the 
function : 

t—7T 
vt—d)—=4Ae 1. 
in the above equation (1). The supposition is plausible, for theterm 
t 


f» (T)w(tr) dr 


—o 
accounts for the influence of the previous history on the condition 
at the moment 7; or expressed more definitely: 

the element «(r) W (t—r) dr of that integral represents the contri- 
bution of the condition at the moment r to the value of the accelera- 


d’z, 
tion at the moment Z (the term a equation (1) ). It will be clear 
a 


.that'’as the moment r is longer ago with respect to {, this influence 
must be smaller ; this is really in agreement with our supposition 
for yp: 
KA TE 
pP. Be 
for this becomes zero for ’—t = infinite, and increases with decreasing 
t—r. 
When we now work with this w, and solve the equation (1), we 
can at once derive 


y CH. VOLTERRA l. cp. 114. 


la 1 d’x da a 
u a8 Han + 4 )a=0 see 1) 


being a linear differential equation of the 34 order with constant 
eoefficients. When we substitute «= ev, we get for the solution of 
p the third degree equation: 


z be a 
p Host ap+ (Ü-4)=0 
q q 


Interesting from our point of view are only the cases of physical 
signifieation, i.e. damped vibrations. In order to yield them it is 
necessary that this 3'4 degree equation has one real negative root 
and two conjugate complex roots, the real part of which is negative '). 
Condition for this equation having one real and two conjugate 
complex roots is that its diseriminant D is positive, hencee D>0, 
in which 


Dee en ge 1 
RT De 
1) It is necessary to make a remark on the energy- 
The equation of $ 2 
de da de 
an HIN a 3, 


yields multiplied by 3 
di 
da d’x + de d’x da\? A de 0 
De ee I 


or - 


da\? d’x m d > 2 da d’x da\? 
= ()+) =5(1@-M: tagt (2)) (2) 


d 00H, 
What stands behind FT must be the energy (only <> Aq can have signifi- 


cation). This term gives the potential energy on the supposition that there is an 
elastice potential 4 («—Ag)«?, and then an elastic force («—Ag)x, which is not 
Ihe case here. It seems to me that the interpretation will be as follows: the 
lefthand member gives the work done on the system, the righthand member 
the change of energy. How must this work done of the lefthand side be imagined? 


dx\? 
In the first place the work — #49 = done by a frietional force proportional 
dx asx\ ? 
to A and then in the second place also the work —q Er ‚ done by a force 
: d3x En R un 
proportional to Er Then of course not only the potential energy that exists with 


regard to the force («—Ag)x appears in the righthand member for the potential 
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Let us now try to find the condition that the real root is negative. 
Let us for this purpose follow.the course of the values in the left- 
‚hand member. We put: 

1 a 
a des BE trep+ (4) 


for p= =» are 


3. DEV) y=— —A. 


[44 en 
If the real root must be negative, then - — A must be positive or: 
q 


> Ag, 2.5.7 SP 
which also appears in the first remark on the energy below. 
Finally the condition that the real part mentioned must be nega- 
tive; it becomes: 


HP 40H VD 
q | 


d3x 
energy, but also that with regard to the force g —. For I interpret the whole 
dit® 


lefthand member of the equation (1) as a set of forces that keep each other in 
equilibrium : 
d’x 3 
an force of D'’ALEMBERT for the motion 


UL 
& g — frietional force 
di 


A second remark should be made on the limiting cases, As point of issue we 
have equation (1) of $ 2, in which 
: ai 

al Ae “2, 
When we make g approach zero, and A approach &, we get: 


t N) 
3 


d’x Aber: PS 
Fr) — w=Alel). q «=e mal: gds=+alr)dg 
— © 

calling lim Ag=ß, we get: 
dd’ 
te Me—t, 
the equation for the ordinary periodic moti 
diately found when we take equation (2), 

substitute g=0 and Ag=ß. 
Let us finally treat equation (1 


—o 


on. —, This equation is, indeed, imme- 
multiply both members by g, and then 


) of $ 2 with the general v (€) approximating 
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in which: 

2 2a 
STE 

Snmmarizing: when the «a, A, and q fulfil these conditions 1, II, 
and IIl, the hysteretical term, as VoLTERRA has assumed it, comes 
simply to damping of the vibrating motion. 

When we call the roots —p,, — 9, #£ Q;1, the solution becomes: 


a=Aemt+ Aeracoog,t+Aertiinyt. .. (4) 


0 


As regards initial conditions, 
BR 2— 0 
e.g. up to !=0 (from {= -—- w) by adaptation of the found solution 
(A) to these values. From the integral equation follows: 


2 7 


d’x "— 
ren =An |e dr 
0% ‘ 
DR, 0 7 ee, (Ag — e) 
and this value of er must be used when we make A,, A, and A, 


‘ by assuming the supposition that ) (*—r) has only values differing from zero for 
values of i{—r that are very small. 
When we put © -r=&, our equation (1) reduces to: 


d’x s Ä 
ne + as 4 BEE) alt) AEN TEN ze er eld) 
0 


| According to the equation mentioned: 


[rose-9a= + [voa:0-[r987, 
0 {N} v 


Let us now put: 


fro#=» and [vo8@=: 
0 0 


then we get after substitution in the equation (A): 
d’x 


dt? 


| da 
e—-)ae=—yY— 
+ (aß) ar 
i.e. a damped vibration. 
For 8>« we have the damped exponential motion. 
As a special case also = ß occurs in it. 
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conform to the border conditions. For =f(l), e—=y(f) we can 
proceed analogously. 

Leaving the particular form of  (—r) undetermined, we shall 
now further treat an example that might be tested by experiment, 
which might, therefore, give us an opportunity to find the form of 
w. In this case it is easy to write down the condition on which 
VOLTERRA’S scheme comes to damping. 

For the example that we now choose, the equation (1) holds 
again, but now let a force zero act from = —w tot=0; wand & 
are then zero; a force Ä further constant suddenly begins to actat 
t—=0. For the motion after the moment zero now the following 
equation holds: 

da 


ur feowtda+K An : 
0 " 


2m 


h d’x 
Practically the er may be omitted (that is to say, we shall 


presently examine exactly what is tacitly assumed here). There then 
remains 


t 
"a@aft) - row d—=K, 
0 


being a linear integral equation of the 2rd order. The solution of 
this becomes: 


K 1 1 “r 
© (f) =, +. fr® dr +z [fr over) dr, dr+..) 
0 00 


When we now assume that a is great with regard to the hyste- 
resis, we may neglect terms with higher powers of « in the deno- 
minator. We get in first approximation: 


K 1 
:9=(1+, ver) N ee. 
J 


. : H 
Is it really allowed to omit the vorm I from the equation (A) 
above? When by differentiating the just found solution x (t) twice, 


Au: % 
we determine FR for this purpose, we see at once that the right- 


j KR 
hand member contains the factor FE Hence when this may be ne- 


glected compared with the hysteretical term: 
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| © (T) w (tt) dr 
0 
da? 
de 
Let us now examine in the solution (B) for .{f) when it represents 
a damped motion. A movement will be called damped when the 
limit of the velocity for {= is equal to zero. When we, there- 


froın equation (A), may also really be omitted from equation (A). 


‚2 


: j da 
fore, first determine the Ze 
. [4 
at once as condition for damping: 
lim pl) = 0') 
ae) 


lim) ()—= 0 


from the solution (B) for «(t), we get 


Ft. e) 


The example chosen, i.e. {he movement with which from t= — » 
to t=0 a force acts equal to zero, and further x and x are zero, 
and then suddenly a force X that is further constant, so that for 
the movement after the moment zero the equation (A) of p. 668 
is valid, may now also be treated in the special case that we 

rt 


asume w—=4e 4%. Equation (A) then passes into: 


t—T 


t 
d? un 
ur =(e mA ıd+-K 
0 


dt? 


By differentiating with respect to, and by eliminating the integral, 
I derive the equation: 
2 er 
de? 

The lefthand member of this equation is exactly the same as the 
lefthand member of equation (2) p. 665. When for the moment 1 
call this Z, equation (3) of this page becomes Z=K, and its general 
solution is obtained by adding to the general solution of L=0 a 
particular integral = K. This is directly found: 

K 
ag 

* Further the considerations about damping as they occurred in 
equation (2) on p. 665 now repeat themselves completely. Literally 
the same conditions are written down for damping. 


de i 
q nad, +la A) eK, :2:..:.- (3) 


I) Compare further p. 671. 
43 


Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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As analogy to the solution (A) p. 668 we now get: 
ET 


ee 


Pr det — Val , 
2 —= A. mi ı A, Peoosgt+Ae ” ing,t+ 


which must also again be adapted to the initial conditions. 

Finally also the remarks on the energy and on tbe limiting cases 
of the footnote on p. 665 and seg. may be repeated here. In 
the energy now‘ another term appears, Äx, which represents (he 
work döne by the force X. And as regards the limiting movements, 
the same limiting movements also occur here again. 

And now I will again start from the integro-differential equation 


t 


+ os =hsle)pyl—)de Fa 2 Zaun 


in 5 


d’x 
dt 


with general w and inquire into the condition on which this equation 
of vibration revised for hysteresis by VOLTERRA, represents a damped 
movement. 

First I state that there can always be given a point of time r 
so that the history of before this moment r may be neglected. On 
physical grounds the function ® must be such that: 


lim u ((—t) = 0, 
Io 
for the influence of what took place very long ago, must become 
small. Now this w under the integral sign in the righthanud member 
of (1) must, however, still be multiplied by «(r), the x at this momeni 
t in the past, and when it is very large the product x(r) w (t—r) 
may not be neglected after all. Now I observe that the number of 
times that in the previous history an x(r) can oceur lying above a 
definite x which may be chosen arbitrarily great, must be decidedly 
finite, for the simple reason that we have to do with a physical 
problem. And then I go so far back in time that I have passed 
this finite number. 
Now equation (1) reduces to: 


d’x 
= tan ie (T) W (tr) dr. 
0) 


In Fonet. de I. p. 97—99: VoLTERRA gives as solution of this 
equation: ABR 


»=as,(t/e) +5S,(t/a)- 


'in which S, and S, are two transcendental functions of o as follows: - 
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Ss, (Ye) =t-+ fe rt) S(rye) dr 
° 


S,(/e) =1+ [s (t/e) dr. 
0 


In this: 
S(t/o) =aF () + a F@W() +... + ah Fi (t) 


\ t & 
— FY)()=t+ ah ds, ih v (5) d5, 
0 0 


F®%) (t) = [ mu (&) FÜ 5) a8, 
0 


FO) (= [| F%-% (&) Fin (1—-£,) a8, 


0 


> de Re 
a E) — (2):—0 


When now specially as moment zero a moment is chosen, at 


and further 


Ben, Fed. ; 
which the veloecity Fr is zero, a will also become zero, so that the 


lt 
solution passes into: 
»—=bS, (t/a) 
Now the eondition for damping was: 
‚dig 
kim — = 
es 
Here the equation becomes: 
= = we —=bSdtje). 
di dt 
Hence we get as conditions for damping: 
lim S (t/a) — 0 
[te ) 


lim So (t/a) — 0 
l=2:00 


$ 3. After what we have seen in the preceding paragraphs about 
the linear system, I shall now proceed to demonstrate in general 
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that there does not exist an elastie potential in VoLTERRA’S hysteresis, 


so that dissipation of energy takes place. 
Starting from the equations of motion: 


ae ee h 
(traten er 
DV nen A Pe 

(3) 


the relation has been derived (see e.g. RıkMAnn-WeEBer. Die part. 
diff. Gleich. der math. Physik. II $ 65): 

Work done by the forces of mass X, Y, and Z aeting on the 
volume elements + work done by the surface pressures — change 
in kinetic energy — 


j er Of nr 1 
|“ dt 68 | dx = 0 ) 


Then follows from the second law of thermodynamics that: 


gy,1 -0y 
d ki ı 12 
Je Fr +1, 7 +...) dx 


represents the potential energy gained in the time dt inside the space 
x in consequence of elastic tensions, so that we get 


Change in the potential energy —= dT' — It, dy 
ch 


Substituting in this the expressions for the tensions corrected for 
linear hysteresis according to VOLTERRA, we get: 
t 


a} 


al = - »3 Dinfrs Yrs (2)] dyın + = [ >> Whlrs (tr) Yrs (?) dr] dyır 
[4 r$ en rs 

Formerly tlıe w’s were zero, and the reasoning ran: 

If there is to be an elastie potential 7”, the righthand member must 
be a total differential; this requires a set of fifteen equations, con- 
ditions of integrability in the 36 coefficients, viz. dur, — b.sjn ; when 
they were fultilled, a funetion 7’ could be solved as elastie 
potential. 5 

We shall now prove that the conditions of integrability cannot 
be fulfilled. To this end we consider: 


ch rs 


t 
dT— 5 R > benles Yrs (t) +[= Win /rs (tr) Yrs (7) dr } dyın j (2) 
0 


Following Vorrterra’s fundamental idea I divide the interval from 


i ensSIOns, the Ih iti 
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zero to Z into n parts h,... /n; let the values of t in the division 
points be respectively Z,...i.; then the equation (1) must be 
considered as limiting case of the following set of differential 
equations: 


ale = = bin [rs Yrs (i,) dyın a a (l) 
ae = ! = Köenis Yrs (ta) + Werps(t,t) Yı(lt)hulidyn » - (2) 
Br ZZ [baps 1) + Pays ah) (dh + ! 
D rs 2 (3) 
+ Wrn/rs (t, t,) Yrs (t,) h,] N dyın ) h 
dr. == = j = [ders Yrs 2) 7 Wen/rs (in t,) Yrs (t,) h, Tr ) 5 
[277 rs (n) 


+Wen/rs (int,)Yrs (tz) Rat + Wenps (in tn=1) Yrs(in-ı) in-ıllayın ) 
As is known, the conditions of integrability of (1) may be derived 
as follows: 
Call its solution 7’ (yır (£,)), then: 


rm 


Ar —_ sd 5 
ıh Iyın(e,) 
this must be identified with (1); which gives: 
ee > (t,) | 
————e m chlrs Yrs er a Ei: 4 
ae. Sn. 
hence 
07 ’ 
= nn Z0dnlrs5 
Oyın OYrs 
in the same way: 
a B 
———— Ds hih 3 
OYrsOYıh ' 


hence as was known: 
bin Irs — b>s/ch- 
Integration of (A) then yields as usual 
a 4 >>> bihlrs Yıh Yrs 


ih rs 

Now we get to (2). What are here in the righthand member the 
independent variables? The idea is that now 7” is no longer only 
a function Of yrs (t,), but also of y,,(tı); these latter must, therefore, 
be added to the others and considered as new independent variables; 
the meaning of the differential of yı,, as it is in (2), is clear: it is 
dyın (t,). We get: 

Conditions of integrability:: 

Call the solution again 
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T' (alt) Ya) i 
97' T' 
dt’ = E—_ alt) + 3 >—— dralt,) 


ıh OYın (&,) 07 (£,) 
and this must be identified with (2); this yields: 
TE 
al) 
02, 


Zu,» b, rs Yrs t, E= rn rs (t,t,) Yrs(t,) h,] 
dal) = hlrs Yrs (t,) / 


Among the various conditions of integrability there must also 


Occeur: 
0? 7 9T' 


Iyın (t,) Iyrs (£,) Pr Oyrs (t.) Oyıh (t,) 
We get on the lefthand side: 
00 
OYrs (t,) 


hi 


On the righthand side: 


f) oT' 0) 
Euer =S 2 [brsjrs Yrs(t, Vrs’rs (tat) X Yrslth) Al = 
air) ar ee en 
— Wrzfıch (l36,) PR, 


Hence % „sn (tzt,) must be =0. Likewise all the w’s must drop 
out. We can also prove that in (3), where also the y,, (2,) appear 
as new independent variables Yyzyrs (4,2) as well as Wynyrs (£,2,) must. 
drop out. All the w’s must vanish. At the limit we get that Werps (kr) 
must drop out, in other words: 

The equation (/), in which the ws do not drop out, can never 
be taken as the limit of a total differential equation. Hence there is 
not to be found here a function of the present and earlier defor- 
mations, which acts as potential energy. 


Utrecht, June 1920. Institute for T’heoretical Physies. 


